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CHUONG VII

PAC TRUNG CHUNG CUA DUNG DICH
HON HOP KHi

A - DAI CUONG VE DUNG DICH

§1. DINH NGHIA DUNG DICH

Dung dich 1a nhimg k¢ déng thé, bén nhiés dong, g6m khong it hon
hai chét & trang théi phan tdn phén ti va thanh phén c6 thé bién thién
{ién tyc trong nhimg gidi han xic dinh.

M&i dung dich 1a mot pha. N&u bd qua nhiing hiéu img bé mat va tic
dung clia nhitng trudng ngodi (trong trudng, dién trudng, tr trudng) thi
d6i véi mdi dung dich & trang théi can bang, thanh phin va cic thudce
tinh vi m6 cha né 13 kodn toan giéng nhau (déng nhdt) & khip moi diém.

Trong dung dich, cdc chit & trang thai phdn tdn phdn tit, tic 12 & dudi
dang ting tiéu phdn (phan tlr, nguyén tir hay ion) riéng 1€, hoic & dudi
dang'nhimg nhém nhd gém mot s6 it cdc tiéu phan d6.

Truwde kia, he keo ciing goi 1a “dung dich keo™, nhung d6 12 dung dich gid, vi hé keo
12 nhiing hé vi di thé chit khong phai 1a he dong thé, ngodi ra he keo thuéng khong bén

nhiét déng, c6 xu hudng bién d6i theo thdi gian. Con dung dich dinh nghia nhir trén 13
dung dich thdt (dung dich chinh thiic).

Nhilmg cht cao phan ti c6 thé hinh thanh dung dich that v6i dung méi nay va dung
dich keo v&i dung mdi kia. Thi du, cao su thi¢n nhién tan trong benzen cho dung dich
th4t nhumg tan trong nudc thi cho dung dich keo (lat&h). Khi dung dich cao phan tir 13
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dung dich that thi chiing ciing tuan theo nhimg quy ludt nhiét dong nhr céc ding dich
thong thudng ciia nhimg chét cé phén ter thap. DT nhién, chiing con c6 nhiing thuéc tinh
dac thiy rieng, gén lién v6i kich thudc phan tir 16n clia chét tan,

Dinh nghia trén vé dung dich khéng han ch& dung dich phai 1a & thé
long. Tuy theo trang thdi tap hop cila pha (khi, 16ng hay rin), ta ¢6
nhitng loai dung dich khi, dung dich 16ng va dung dich rén.

Néi chung & 4p sufit khong cao 14m, céc khi Tuén 1uén c6 thé hoa tan
khong han ché vao nhau va do d6, vé& nguyen tic, cic hén hop khi can
bang déu 13 dung dich khi. -

Dung dich rdn (cting goi 1a tink thé tap hop) duge hinh thanh khi cic
cdu tir chi tao nén mét pha rin duy nhat. Dung dich ran thudng chi t6n
tai trong nhitng viing néng do xac dinh, tuy ciing ¢6 mot s6 ¢3p chat nhur
vang va bac, hojic ddng va vang v.v... ¢6 thé hoa tan vio nhau & thé rin
theo bat ki ti 1¢ nao. Dung dich rén dugc hinh thanh trong su két tinh tir
nhing hén hop 1ong nhing c4u tir cia chiing. )

Déi véi dung dich Iong, ngudi ta phan biét dung dich chdt khi trong
chat Iong, chét ran trong chat 1ong va chat 1ong trong chat Iéng. C6 thé
khong mot chat ddu nao & thé 1dng. Thi dy ¢6 thé duoc dimg dich nude
clia NaCl biing céch tron nudc d4 véi tinh the NaCl,

Cing mét dung dich c6 thé thu duge tir nhiéu chat ddu khic nhau.
Thi du dung dich nu6c clia axit sunfuric ¢6 thé didu ché tiy H,S0, v
H;0 hoge tir SO3 v2 HyO. Do d6 viéc chon nhilg chat nio lam cfu tir
ctia dung dich c6 thé 12 ty y. Nhung trong s6 3 chat Hy0, SO;, H,S0,
thi chi 2 Ja doc 1ap. D6 1a s6 t6i thiéu nhiing chat hop phidn ma tir d6 c6
thé thu dugc dung dich axit sunfuric ¢ thanh phén bat ki. S6 chat hop
phén doc 1ap 1a s6 cdue tit cia hé. D6 méi 1a con s§ quan trong trong
nhiét ddng lyc hoc.

Thudng thi c4k tir ndo c¢6 mat trong dung dich véi lugng 16n nhit so
vdi céc cdu tir khdc thi goi 1a dung moi con cc c4u titkia goi 12 chdt tan,

D6i véi dung dich chat khi hay chat rin trong chét 16ng, nguvi ta
thudng coi chét 1ong 1a dung m6i vi chét khi hay chét rin chi hod tan 6
han vao dung moi. Ngay khi chat khi hay chét rin hoa tan véi lueong
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tuong d6i 16n trong chat 1éng 1Am cho lugng tuong d6i clia chit 16ng o
thanh bé hon, ngudi ta van ti€p tuc coi chat 1ong 1a dung moi. .
Du6i day, ta s& nghién citu wu tién dung dich 2 cdu ti, thitnhat vi dé
. 1a dung dich don gidn nh4t vé& s6 lugng c4u tlr, thit hai vi nhiéu quy luat
" thu duge ¢6 thé mo rong cho dung dich nhiéu ciu tir hon.

§ 2. THANH PHAN DUNG DICH

Mot trong nhimg dac trung quan trong cia dung dich 13 thanh phidn
cta nd. Thanh phdn dinh tinh cho biét vé bén chét cc ciu tir clia dung
dich, con thanh phdn dinh lugng cho bi&t mdi céu tir duwge chia trong
dung dich véi nhiing néng dg tic 1a nhimg luong tuong ddi 14 bao nhiéu,
nhitng dai lugng nay, cing v&i nhiét 36 va dp sudt, 13 nhilng tham sd
nhi¢t dong co ban ciia dung dich. C6 nhiéu cdch biéu thi néng do cic
~ cffu tir clia dung dich, néi chung c6 thé ehia lam hai loai : mot loai quy
luong clia c&u tir v& mot lugng xdc dinh cia dung dich, loai thit hai quy
luogng ciia cdu tr vé mot lirgng xdc dinh chia dung moi nguyén chat.

Gia thir & T, p da cho, mot khéi lugng G gam dung dich, chiém thé
tich V, chifa nhimg cau tir 1, 2, ..., i..., c6 khéi lugng g, g5.... g;-.., €6 thé
tich & dang nguyén chit 1a V|, V,..., V..., s6 mol cdc cdu tir 1a n;, ny...,

n;..., di nhién n; = g/M;, & day M, Ia khéi luong phan tir ciia i. Khoi
luong dung dich l1a G=Zg;.

Ngudi ta quy u6c goi | mol dung dich 13 lugng dung dich trong d6
t8ng s6 mol céc c4u tir bing 1 (En; = 1). Khéi luong mol trung binh cha
dung dich 1 : _ :

M= nmM; + npoMy + _ InM;
Zn; Zn;

1

(VIL1)

Bay gi& xét nhilng c4ch bidu thi néng d6 ciia céc céu ti.

1. Lugng céu tir quy vé mdt lugng xé&c dinh dung dich

1} Phin mol x; (thudng ciing ki hiéu la y; hoic N) cia cdu tir i 1a ti s6
giffa s6 mol n; clia n6 véi téng s6 mol Zn, clia cdc c4u B trong dung dich :



X = ——i o (VIL2)
n; +ny +.. Zn

C6 thé néi phéin mol x; 13 s6 mol cta i trong 1 mol dung dich. Di
nhién ta ¢6 !

TR =R+ Ry .. = E“rlli + Z“Ifi b= g: -1 (VIL3)
dodé:

£dx; =0 T (VIL4)
Dic biét, d6i véi dung dich 2 cdu tir -

Xi+X=1:x=1-X%Xy:dx; =dx, (VIL5)

Tir (VII.1) suy ra khéi lugng mol trung binh cita dung dich ;

M = o )

M=—-M; + =% M, +...=x;M; + M, + ... = ZxM: (VIL]
T, Mt g M e =X My M, xM; (VIL.1a)

2) Phén tréam molciaila:
nj

100x; = e 100 (VIL6)
nj

3) Phdn khoi luong W, 14 kh6i lugng clia i trong don vi khéi liuong
ciia dung dich :

=Bl -8 VIL7
‘"B G VILD
Di nhién ZW, =1

4) Phdn trdm khoi lwong cia i 12 khéi lugng cua i trong 100 don vi
khéi lugng cia dung dich :

100W; = 2100 | (VIL8)
Zg;



N6 bang s6 gam ciia i trong 100 gam dung dich. Thi du dung dich
axit axetic 5% la dung dich chifa 5 gam axit axetic nguyén chat trong
100 gam dung dich.

S) Phdn thé tich ¢; 1 thé tich clia i nguyen chdt tinh d6i v6i 1 don vi
thé tich dung dich : '

A

0 = T;- ] {VIL9)
6) Phén trdm thé tichciaila:

100 =%.100 (VIL10)

N6 bang s& em’ i nguyén chit trong 100cm’ dung dich.

D¢ manh cha rugu trong céc hén hop nude rugu dugc biéu thi theo
~ céch d6. Thi du rugu 90° 1a hén hgp chiia 90cm> rugu nguyén chit trong
100cm’ hén hop nude rugu.

7) Néng di mol - thé tich C; 1 s6 mol i trong 1 don vi thé tich dung dich :
o
v

Khi chon don vi thé tich 1a lit thi G 1a néng d6 mol/lit. Dai v6i dung
dich 2 cfu tir, néu 1 lit dung dich chta 1 mol chat tan, dung dich goi 1a

dung dich 1 mol, ki hi¢u la IM. Dung dich 2M chira 2 mol chét tan
trong 1 it dung dich.

G = (VIL11)

8) Néng do nguyén chudn 1a s6 duong lugng gam coa i trong 1 lit
dung dich. Thi dy, dung dich c6 40 nguyén chudn 0,1N chita 0,1 duong
lugng gam chat tan i trong 1 lit dung dich.

2, Lugng ciu tir quy vé mét lugng x4c dinh dung méi

9) Néng dé molan m; 14 s6 mol clia i trong 1000 gam dung moi (dung
moilacsutil): :

m; = 2.1_ 1'000: niIOOO - inOOO

(VIL12)
) mM; M,



b6i vai dung dich rét lodng, x; = 1, do d6 c6 su ti 18 gitta m; va x; :
1000
M,

m; = Xj (VIL.13)

Ghi chii. Néng 46 dirge diing nhido nhét trong li mﬁyé’t La ndng d¢ phdn mol x;, th
nhét vi nhiéu thudc tinh cla dung dich dugc biéu thi & dang don gidn nhit khi ding s6
tuong d6i céc phan tir, thit hai vi néng ¢ d6 khong phy thuge vao thé tich va nhiét d6.

Néng d¢ molan m; ciing khong phu thudce vio T va V, do d6 ciing thudmg duge ding
d6i véi dung dich lodng, khi sir phan bi¢t gifta dung moi vi chél tan 13 15 ving.
3. Lién hé giira nhimg ndng dd ¢, x va m dai véi dung dich 2 cau tlr

Khi chuyén tir ¢ sang x hay m va nguoe lai thi cdn bigt khéi lugng rigng hoic ti khdi
(ciing goi 14 mat d49) cia dung dich.

1) Lign h¢ giita my va x;. Tt (VIL12) suy ra :
- _1000x, 1000,
MIX| Ml (l—x;)

m, {VIL14)
2) Lién hé giita ¢, va x,. Thé tich dung dich 1a V lit hofic V.1000ml, c6 khéi

lugng G = g; + g, gam. Kh&i lugng rigng p ciia dung dich, tic 13 s6 gam clia 1ml dung
dichla:

p=BltE L _1000p __ 10000

= (VIL15).
V.1000 V g+g, M +n; M,
tir 46
_np _ 1000pn; _ 1000px,
© vV oM +0.M;  xM;+x,M,
Nhung x; =1 - x5, vlly :
¢y =——000p%; (VIL16)

- Ml +(M2 —MI)XZ

3) Lién h¢ gifia my va c;. 1 lit dung dich, tic 12 1000p gam dung dich chita M,c,
gam cfiv tr 2. Vay (1000p — M,c,) gam dung moi chifa ¢, mol cfiu tir 2. Do dé6 s& mol
cfiu tir 2 trong 1000 gam dung moi, tic 13 46 molan m, 13 :

1000¢,

=— (VILI?)
lOOOp - MzCz

m;



4) Truomg hop dung dich rdt lodng. Nhitng be thic trén cho théy khong c6 sy i l¢-
gilta m, va x,, gilfa ¢, va x,, gilta my va ¢,. Chi d6i v&i dung dick rét lodng (khi X; = 0;
1 - X = 1}, nhilng ndng 46 d6 méi ti 1¢ v&i nhau :

ﬁif%’:ﬁxz_ﬁo{w 3;2=l§‘—.()10:__n§ . (VILIS)
cy = 1 X hofic x; = —-h—dl-—cz (VIL19)
1 1000p
béi vai (VIIL 17) c6 thé bd qua M;¢; & méies6 vi né rit bé so Vél lOOOp, do d6:
my = —°-2— boic ¢, = pm, (VIL.20)

Néu dung mai 13 nudc thi khéi lugng riéng cha dung dich rat lodng thie t€ 1a khéi
lugng riéng ciia nude gén nhir nguyén chét, tifc 13 p ~ 1 trong diéu kign thudng, khi d6 :

1000 1000
=0y =y, = = 55,51 VII21
=2y T2 T 016 2 K ((Vi2h
Bdng VII-1
Lién hé giifa c,, m, va x, d8i v6i dung djch 2 c&u tir
¢2 | m X
. . 1000pm, 1000px,
2 1000+M,m, M +(My~M,)x,
1000c 1000
ma __'_L— My —'—"i
I{mp—M2C2 Ml(l—xz)
x Ml Co M!mg
2| 1000p=(M; —M,)c; 1000+ M;m, %2




B - DAI LUGNG MOL RIENG PHAN

§ 3. DINH NGHIA VA THUOC TiNH
CUA DAI LUJUNG MOL RIENG PHAN

1. Binh nghia
Moi thudc tinh khuéch d6 X (ahu V, 8, U, H, G, C,, v.v...) cha dung

dich déu c6 thé biéu thi 1a ham céa T, p va cha s6 mol n,, n,,..., n; cia
cdc cu tir trong dung djch :

_ X= X(T, P.0y, Ny,..., n;, ...)
V1 phén todn phin cha X 1a:

dX = [ﬁ} dT + (ﬁJ dp +Z [%J dn;
o ot pN- op T.N on; T,p,‘nj

Chi s N & chan c6 nghia 1 thanh phdn dung dich hoan toan khéng
d6i, cdn chi s8 n; & chan c6 nghia la s6 mol cdc c4u tir j (= i) khong déi,
trir cfu tir i dang xét c6 s6 mol thay d6i. & T, p const, ta 6 : _

axp, =2/ 2| dn, (VIL22)
, aﬂi T,]J,ll i .

Liuyt {G.N. Lewis) (1907) goi nhimg dao ham riéng OX/on; 1a gid tri
mol riéng phdn cla dai luong X clia dung dich déi véi cfu tit i clia dung
dich va ki hieu 1a X; :

X; = [QJ (VIL23)
i )1 g ,
do d6, (VI1.22) tr& thanh :
X p = =(Xidn; ) (VIL24)
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Ghi chii. Th ding ép (hay ham Gipxo) mol riéng phin Gi cba cdu tir i khong gi
khac 13 thé hod hoc y; cla né (xem Ch.V, §6) hé thifc (V.49) :

Fi ) a
Bi = (a} =Gi
_ i T.pnj

Trong s6 it ci cdc dai lugng mol riéng phdn i chi duy nhat Gi méi déng nhat v6i
thé hod hoc jt; cisa cfi tir i, cdn céc dai higng mol riéng phin khéc nbw Ui, Hi JFi, v
thi khéng c6 dac tinh d6. Chi viec so sinh dinh nghia vé thé hod hoc va vé dai lirng mol
riéng phén 12 thy 13, Thi du :

_p,=(29} *ﬁ:(ﬁ?_)
ani 5.V.0 aﬂi T.p.aj

Chd khéc nhau co ban 14 theo dinh nghia cha Liuyt thi dai igng mol riéng phdn bao
gid ciing xdc dink 3 T, p const cdn d6i v6i the hod hoc p;, 06 12 dao ham rieng cia moL
ham dic tnmg U, H, F hay G theo s6 mol ca i khi cip tham s6 duge giif ¢6 dinh 1a cap
nhifng bién 1w nhien cha ham dic tnmg gy. Chi ddi v6i ham Gipxo G thi cap tham s6 ndy
- méila T, p. ' )

2 ¥ nghia vat Ii

1) D& d& hiu, ta xét thé tich mol riéng phdn Vi . Khii niém nay
dugc dua ra 13 vi néi chung thé tich V clia dung dich khong béng téng
thé tich cla cdc cfu tir rieng 1€ cha né (& déng nguyen chat). Thi du
gp=lbarvat = 25°C, néu rén 100 ml rugu etylic nguyén chdt véi
100ml nudc nguyen cht thi thé tich cla dung dich thu duge khong bang
100 + 100 = 200ml ma chi bing c6 chimg 190 ml. Ciing vdy, khi
clorofoc (16ng) va ete (16ng) tron vao nhau thi c6 sy co thé tich. Tréi lai
khi hoa tan etyl iodua véi etyl axetat thi c6 sy tang thé tich. Do bién

‘thién thé tich do su trén cdc cfn tir vao nhau gy ra phu thuge vao lugng
tuong déi cia ching liic trdn.

V& thyc cht, thé tich mol rieng phin Vi cla cdu tif i cho bi€t thé
tich V clia dung dich bién thién bao nhiéu khi thém 1 mol i vao mot
lugng rat 16n dung dich c6 thanh phén da cho, lugng rét I6n duge hi€u la
sao cho thanh phén chia dung dich thyc t& c6 thé coi nhir khong d6i khi
thém 1 mol i vao, & T, p const. Thi du thé tich 1 mol metanol nguyén
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chat Ia V = 40,5cm’. Néu them 1 mol metanol d6 vao ot wong it

i6n dung dich nu6c metanol cs thanh phin metanol X = 0,2 thi thé tich
V ciia dung dich d6 chj tang them c6 37,7 cm> chit khOng ting thém
40,5cm’. Ta n6i thé tich mol rieng phin ca metanol 13 V2 =377 cm’
d6i v6i dung dich ¢6 thanh phdn x, = 0,2 d3 cho, D6i v6i dung dich ¢6
thank phdn khéc thi Vo sé.nhan nhiing gi4 tri kh4c.

N6i chung, thé tich mol rieng phdn V; cia ; trong dung dich khdc
vGi thé tich mol V{ cita i nguyen chat & cing T, p va cling trang th4i tp
hop nhw dung dich (néu 1a dung djch 16ng thi phéi 15y i nguyén chat &
trang thdi long). Chi trong mot s6 truomg hop dzc bi¢t Vi méi bing -
Vi . Néu Vi = V2 d6i véi moi i thi dung dich dugc hinh thanh tir cdc
c&u tlf nguyén chat khong c6 bien thien the tich ; thé tick dung dich sz
bdng diing t6ng thé tich c4c cfu tif nguyen chat. D6 13 trudmg hop dung
dich Ii 1udng, dung dich déu hoa (Hildebrand, 1929), dung dich mia If
tucng (Guggenheim) v.v...

Nhung trong trudng hop chung, V; = VP, AV = Vi - VP 20 va
AVM = 50 AV 20, nghia Ia dung dich duoc hinh thanh tr cc cay b
nguyen chat c6 bién thien thé tich. Khi d6 thé tich khong ¢6 cong tinh.

avM 801 1A thé tich trgn. N6 1a bign thien thé tich ciia dung dich gay

Ia do sy hén hop, sy tron cic cay t& vao nhau & T, P const va ¢6 cing
trang thdi tap hop nhr dung dich.

2) N6i chung, dai higng tron AXM 1 hiey gita gid trj ciia X d6i voi

he sau khi tron c4c c4n 1 va gid tri cha X trude khi trén céc cau tir & T, p
. const va c6 cling trang thdi tap hop nhw dung dich.

AXM = 20, X; ~5n,x0 = InAX; (VIL25)

Khi AX™ = 0, X ¢6 cong tinh ; khi AxM # 0, khong 6 cong tinh.

3) Cusi clng, cdn chi ¢ 14 cde dai luong mol riéng phdn déy 13 dai
luong cuong ds bdi vi bat luan dai lugng khuéch d6 ndo khi quy vé mot
don vi khéi lugng (mol hay gam) ciing déu tr& thanh dai lugng cudmg do.
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3. Mt s& thudc tinh va hé thde cd ban cla dai lugng mol
riéng phin

1) Ung dung ciia ham thudn nhat. Tt ci céc dai lagng khuéch do X
cha dung dich & T, p const, déu 1 ham thuén nh4t bac nhat d6i véi s6
mol ny, Ny,... 0y... cla cic cfu tir trong dung dich (xern Ch.V.§6) :

X(kl'll, knz,...) = kX (Hl, Ilz,...)

Do dg, theo dinh Ii Ole (V.52) tacé:

X(ny, ny,...) = ny gf—l +ny jn—)i +... =2y —g—n)—(;-
tic 14 & T, p const :
X=n, X1 + ny X2 +..= Iy Xi - (VIL.26)
Ap dung (VIL.26) cho X [ V, 8, U, H, F, G, C, ciia dung dich ta dugc :
V = Zn; Vi F=InF;
S=2nS; G = ¥n;Gj= Iy, - (VIL27)
U= 2n, Ui C, = =n; Cyi
H=2ZXp, Hi

Néu chia mdi s6 hang trong (VIL26) véi téng s6 mol Zn, trong dung
dich s& dugc biéu thic d6i véi 1 mol dung dich -

_ X=x X1 +X; X2 +... = 2x; X (VIL28)
& day X 1a dai lugng khuéch dé ciia 1 mol dung dich. '
Ghi chii : D6i véi dung dich 2 cffu tlr, (VIL26) vi&t 3 :

X=m X + nziz

Néu dung méi 14 nuw6c va ndng 46 molan cira chit tan [3 m, thi trong 1000 gam H,0
ting v6i n; = (1000/18,016) = 55,51 mol H;0 c6 ny = my mol chét tan (cfu tir 2), do dé :

X = 55,51X1 + my X2 (VIL29)
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2) Phuong trink Gipxo - Duhem. Tt (VIL26) :
X= nl)_(l + nziz + .. =E(n_i)_(i)
néu coi ny, Ny,... ] cic bién va X, X,.,... cling 13 nhing bién, tic 1 gia

thiét thanh phdn dung dich thay di thi su vi phan (VIL.26) 4 T, p const
sé cho: '

dXp = =(nidXi ) + =(Xidn;)

So s4nh biéu thiic nay véi (VIL24) : dXr, = E(Xidn; ), ta ket lugn,
8T, pconst
%(n;dXi) =0 (T.p const) (VIL30)
He thic ndy goi 12 phuong trink Gipxo (1876) - Duhem (1886). Néu
chia m3i s6 hang trong (VIL30) vdi En; s& duge p.ur. Gipxo-Duhem
trong d6 thanh phdn mé&i cdu tir duge biéu thi bing phin mol x; chand :

%(x;dX;) =0 (T.p const) (VIL30a)

3) Su chuyén nhiing h¢ thitc nhi¢t déng cia chdt nguyén chdr sang
nhitng cdu tir trong dung dich. Néu d6i voi chét nguyén chat, y va z 12
hai dai luong khuéch do lién hé vdi nhau qua mét dai lugng cudng do x
theo phuong trinh :

o

Y=ax

thi c6 thé chuyén sang cdu tir i trong dung dich nhu sau :

TR AR A I
-2t (352
Do d6, néu d6i véi chdt nguyén éhﬁt y = §z/6x thi d6i vé6i cdu tir i
trong dung dich, ta c6 sy phu thuoc hoan toan tuong tu, tirc 12 §; = %_xz’— .
Dusi day 12 mot s6 thi du : |
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Chd4t nguyén nhdt Célu 6k § trong dung dich

y= .gz; - %_ (VIL31)
c, = (%]P (%—?‘) o
g
oE E)
O

Né6i chung, nhitng he thifc nhi¢t dong diing cho ch#t nguyan chat cb thé 4p dung cho
cic cfu tr cha dung dich nhung phdi thay nhitng dai lugng mol (chi thude tinh khuéch

36 méi c6 dai lwgng mol) bing nhitng dai lugng mol riéng phén. Thidy, irG=H-TS
ta dugce :

=G; =H; - TS; ' (VIL36)
Ciing viy :
Fi=Ui-TS (VIL37)
Ngodi ra ciing ¢6 thé thi&t lap : '
afﬂfi Vi
dnt ) _ Vi 38
[ap ]T RT VIL3®)

& day f; 12 hogt dp ciia i.

§4. PHUONG PHAP XAC PINH DAI LUONG MOL
RIENG PHAN

1. Phuong phép ding dai hrgng mol bidu kién
a) Pai luong mol biéu kién duoc ding rong rii 4é lam tinh d&i véi
dung dich 2 cdu ti, khi d6 n6 thudng duge ding cho chét tan. Néu dung
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dich g6m n; mol dung moi (ciu tir 1) va ny mol chat tan (c4u tir 2) thi

khi loai hoan toan chét tan ra khoi dung dich, s& con lai ny mol dung
moOi nguyen chit. Ngui ta goi dai lugng mol biéu kiéh cia mot thude
tinh khuéch d6 X nao d6 ciia dung dich ddi véi chit tan Ja dai luong :

_ X_'(X)ﬂz=0
I _
(X)n2=0 la gid ti cha X khi da loai hoan toan cfu iy 2 (ch4t tan) ra khoi

bx, (VIL.39)

dung dich, nhr the (X, =0 =0 X7, dday XP 1a gid trj ciia X d6i vai -
I mol dung moi nguyén chit. Do dé :

X-mXP
bx, = _H;—_L (VIL40)

hogic néu dung moi 1a nude HyO:

X-55,51%¢
dx, = =00

(VIL41)
my .

mj = n, 14 d9 molan cila chat tan, con 1y = 55,51 1 56 mol H,0 trong
1000 gam nuée,

Khi X 14 thé tich V ciia dung dich 2 c4u tir thl (VIL.40) viét 1a :
. V—n;V?
¢V2 = 1'1
. ny '
T d6 c6 thé suy ra mét cach giai thich ¥ nghia cha theé tich mol biéy
kién cia chdt tan nhir sau : Néu nhir dung moi git ngnyen nhifng thudc

tinh cila n6 & trang thai nguyen chat thi thé tich cia n6 I 0; VP va chit

tan dubig bt c6 thé tich (V- n; VP), do d5 nés quy vé 1 mol chst tan
nghia 13 chia cho n, s& duoe thé tich bidu kish d6i vi 1 mo] chat tan,

dv, =(V-0,VP)/ny. Tit 6 suy ra phuong trinh bi€u thi vé hinh thic
cdng tinh cha thé tich V dsi vsi dung dich 2 c&u tir -

(VIL42)
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V= anlo + n2¢v2 (VIL.43)
Trong trudng hc_)‘p_chung, d6i v6i dai lugng X, tir (VIL.40) suy ra :

X= Illx‘l) + n2¢X2 (VII44)

b) Tinh dai lugng mol riéng phdn cia chit tan. Thi du; d6i v6i dung dich NaCl trong
mréce, su xdc dinh thé tich mol bidu kign cia NaCl & 18°C cho phép biéu thi dai lugng
nay bing mot ham gidi tich (th€ tich tinh ra cm )

V - 55,51V
my

by, = =16,4 + 2,5m; — 1,2m?

T d6 suy ma :
V =5551V{ +16,4m, + 2,5m3 - 1,2m3

& day V Ia thé tich dung djich ; V{ 12 thé tich 1mol H,O nguyén chit = const ; m, 12 6

mol NaCl trong 1000 gam (= 55,51 mol) H,O = d¢ molan ciia NaCl. Sau khi dao ham
phuong trinh trén theo my(n; = 55,51 mol H,O = const) s& duge :

v oV 2
Vi3 =——=16,4 + 5m, - 3,6m
aﬂlz 2 3 2

D6i véi my=0,5 thi V2 = 18,0 cm’ ; d6i v6i m, = 0,1, V2 = 16.9cm’.

2. Phuong phép giao diém hay phudng phép tiép tuyén 12 mot
phuang phip dd thi do Rézabom (Roozeboom) dé ra. Hinh VII-1 minh

hoa cdch xdc dinh thé tich mol riéng phdn Vi vi V2 d6i véi dung dich
2 cu ur. Trudc hét xdc dinh bing thuc nghiém thé tich V cla 1 mol
dung dich d&i v6i mot day thanh phdn % khéc nhau (x, 12 phin mol cia
c&u tir 2). Sau d6 v& dudmg cong V = f(x,) biéu thi sy phul thuoc cia V
vao xy. Goi PMQ la dudng cong d6. N6 cét nhiing truc tung tai P ing véi
AP = VP (x,=0) va tai Q tng vi BQ = V§ (x,=1), V° va V§ 1a thé
tich mol clia cdu tir 1 va 2 nguyén chat.

Tai diém M cita dudng cong éng véi dung dich c6 thanh phén X, nao
do, ve& ti€p wyén CMD véi dudng cong. Tiép tuyén nay cit nhimg truc
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tung tai diém C tng vdi x, = 0 va
tai di€m D tng véi x, = 1. C6 thé
chiing minh ring : '
Vl = AC va V, =BD
(su chimg minh khéng khé khan
nhung hoi dai, ta bd qua).
Néu dai lugng khuéch do X

0 e x, " hong phii Ia thé tich V thi cdch
Hink VII-1 - Phuong phép tiép tuyén xac 12 VAN nhu trén, chi phii thay V
dinh dai lugng mol rieng phén. bang X va :

Xi =AC ; X2 =BD
3. Phuong phép ding hé thic Gipxd — Buhem. B6i vai dung dich 2 cu tir &
T, p const, h¢ thiic Gipxo ~ Duhem (VI1.30a) viét 14 :
X[d X], + x;dXz 0

Hé lhuc nay cho phép tinh X1 tix Xz {ho#ic nguoc lai) khi Xz {hoic X1) di duoc
bi€t d6i v6i mot day thanh phdn khic nhan cia dung dich :

dX; = - 224X,
X
Su tich phén & T, p const giira 2 trang théi A va B s& cho :
' B
Xi)p = (X1)s - I‘—z dXz ' (VIL45)
X
AN
Tich phén s& xdc dinh bing phuong phép d8 thj.
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C - HON HOP KHf

§5. HON HOP KHI Li TUGNG
" [ - DUNG DICH LI TUONG

a) Pinh nghia. C6 thé dinh nghia dung dich li tuong (hay hodn chinh)
12 dung dich thoa man 3 diéu kién sau d&i vdi toan khoang thanh phén :

1) V=2n;V7;2) U=2nU7;3) §=2n; (5 - Rinx;), g day V,
U, S 1a thé tich, n6i nang, entropi cba dung dich, V2, U7, §7 1a thé tich,
nodi niang va entropi cua 1 mol i nguyén chit & cing T, p v clng trang
thai tap hop nhu dung dich, x; 12 phdn mol cla i trong dung dich, R Ia
hing s& khi.

b} H¢ qud. DGi v6i moi dung dich bt ki, & T, p const, V =Zn; Vi, U=2In;Ui,
H=2n;Hi, $=In8i, F=InFi, v.v.. Do 6 d6i véi dung dich If tuémg, tr didu
kien 1) suy ra: Vi =V®, AVM =5n. (Vi -Vi)=3n;AV, =0 (khong cé bi¢n thien
thé tich) ; tir diu kién 3) suy ra :

Ui =U?, AUM =3n, (Ui - UP) = Zn; AU; =0

Tir 1) va 2) lai suy ra& T, p const : _

H=U+pV= InU +pV) = InHy ; HY = U7 + p¥; Hi = I,
AHM = Q, = Zn; (Hi - H{) = Zn; AH; =0 (khong o6 higu ting nhiet).

Tuds: C, =%=%(&im)-= Py %= Zn;CY, = n;Cp,
Cp = Ch
Tir didu kie‘n 3)ysuyra:
Si =S¢ ~ Rinx;, ASM =Zn,(Si - §?) = In; AS; = —REn;inx; (VIL46)

Vixj <1, /nx;<Onen ASY >0
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Tix2) vk 3) suy ra:
F=U-TS= El'li (U:’ - TS? + RTfﬂKi) = Zl'li (FID'FRTIHXi)
E® =UP - TSP. Nhung F= In;Fi, vy Fi = B + RTinx,
“AFM = S (F, -F?) = In; AF; = RTInylnx; <0
Tir1),2)va3)suyra:
G=U+pV-TS= Zn (U] + pV;" — TS + RTinx;) =
= In; (G} + RTinx;)
G = UD + pV® — TSP . Nlumg G = Zn,G; vay
Gi =G? + RTinx; ; AGM = E'ni(ai - G?) = In;AG; =
= RTEnilnxi <0
Mit khéc G = Inju;, p; = Gi, vly jy = GP + RTinx;. G, ham Gipxo bay thé ding
ép ctia 1 mol i nguyén chat, 12 ham cia T va p, do dé c6 thé dat G =u? (T,p).Khi d6
thé hod hoc y; cba i trong dung djch 1 tudng c6 dang rdt don gidn
u; =1 (T, p) + RTinx;, (VIL4T)
¢) Két lugn. Dung dich Ii twéng 13 dung dich dugc hinh thanh tir cic
cdu 1ir nguyen chit khong c6 bién thién thé tich, khong c6 bién thién n6i
nang, khong ¢6 hi¢u ing nhi¢t nhung c¢6 bién thién entropi xdc dinh bi
(VIL46) :
ASM = ~REnyinx; >0
i v6i mdi cfu tir i cha dung dich 1i tudng ta 6 :

Vi=V® . Si= 8- Rinx;

Ui =U? Fi = F°- RTinx, (VIL48)
1 1 1

H; = HY Gi = G?(T,p) + RTInx;

Epi = C‘l: Wi = Gi = ui (T, p) + RTinx;
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11 - HON HOP KHI LI TUBNG

Hén hop™ cdc khi 1i tuéng khong duong nhién 12 dung dich I uing (bén hop 1
trémg cita cdc khi) c6 ddy di cdc tieu chudn clia loai dung dich nay. Hén hop céc khi 1
tuémg <hi thod mdn nhimg tieu chuén d6 nék ta thira nhao mot §6 gid thi€l, mot s tién dé
(xem duéi ddy). Khi 46, hén hop céc khi 1i twémg mdi d6ng thai 12 hén hop (dung dich) li
usdng cita céc khi. O day, ta thira nhan nhimg gid thiét (tién d& d6) va ding thuat ngit
hén hop 1i tudng cda khi vi hdn hop.cia céc khi 1i tizdng theo nghia nhu nhav.

1. Ap suét riéng phdn

" Theo Danton, 4p sut riéng phin p; ca khi i trong mot hén hop khi
bt ki (ii tudng hay khong) 13 4p sust ma khi i d6 s& tdc dyng n€u nhu nd
chi€m mot minh toan bo thé tich V ciia hdn hop & cling nhiét do T nhu
hén hop. .

D6i v6i hén hop khi 1i tudng, dinh nghia d6 dan t6i dink ludt Danton
(Dalton, 1805) vé cong tinh clia cdc ap suffi riéng phin.

Gia sir hon hop khi If tuéng gém n, mol khi 1, ny mol khi 2,..., ¢6 thé
tich chung 12 V, dp sust chung (toan phén) la p & nhiét d6 T. C6 thé bi€u
thi phuong trinh trang théi ciia hén hop khi 1i tuéng giGng nhur dbi véi
khi 1i twong nguyén chat :

pV =nRT=(n; +ny +..) RT=ZnRT (VIL.49)

- -

tirdé :
p= z%i RT = Z¢;RT - (VIL50)

Nhung theo dinh nghia Danton vé 4p sudt riéng phin p-,'cfla khi i
tudngi: '

Pi =N % = ¢RT - (VILS1)

(1) Trong nhiét dong lyc hoc, thudt ngit Adn hop va dung dich thuong dugc ding
dbng nghia. _ :
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tachd:

P=p+py+..=Zp (VIL52)
tic 1a : dp sudt toan phdn cia hén hop khi I tudng bdng t6ng dp sudt
riéng phdn p; ciia ting khi trong hén hop. D6 1a noi dung ciia dinh luat

Danton, phin 4nh tinh cng duge cla cic dp sust rieng phén di véi hén
hop khi 1f twéng. '

Tix (VIL51) va (VIL50) suy ra :
Pi 1 -
= =x;ticla:| p; = px; VILS3

Nhr v.’_:y.-ép sudt riéng phdn p; cia khi i trong hén hop khi li tucng

bdng dp sudt todn phdn p cia hén hgp nhén véi phdn mol x; ciia né
trong hén hop khi. _

Ghi chii. Ap suiit 12 thudc tinh cudng d¢, do 86 fp suft ritng phén khong c6 litn quan
ch dén dai luong mol rieng phin (chi thudc tinh khuéch 46 méi cé dai lugng mol rieng
phdn). ' ’

2. Thé tich

Tir (VIL49) suyra:

V= El‘li E = EniVi"" (VII.54)
p
V{ = RT/p 1 thé tich 1 mol khf If tudng i nguyén chét & cdng T, p nhu
hén hop. Nhung V = =n, Vi, Vi [ thé tich mol rieng phén ca i trong
hén hop. Viy : .

Vi = VP, AVM = Zn, AV, = Zn; (Vi - V0) = 0

3. N&i nling

D6i v6i thé tich, thi nhu trén di Jam, tir phuong trinh trang théi clia
hén hop khi 1f tdng suy ra duge Vi = VC. Con d6i vdi ndi nang, khong
suy ra duge Ui = UP. K&t qua nay phii ducc thita nhan nhu mot tien dé
trong nhiét dong luc hoc ¢b dién, tifc 12 ta phii thiva nhin 3
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U = 5n,U?  (VILSS)

4. Entrépi

Theo (VI.5a), entropi S? chia 1 mol khi If tudng nguyén chét c6 dang
¢ = s (T) - Rinp, s? (T) I s6 hang chi phy thuoc vio ban chdt ki va
vao T. Nhiét dong luc hoc thira nhan ring entrépi mol riéng phdn S; cla
mbi khi i trong hén hop khi If ndng vin c6 dang gi6ng nhu entr6pi mol
S{ cha khi If twémg i nguyen chit nhung phai thay dp sust p ciia khi
nguyén chat bing dp sudt riéng phén p; ctia khi i trong hén hop, tifc 13

Si = s? (T) — Rinp (VIL56)

- Sy thira nhén nay 1a n6i dung ciia dink If Gipxo vé entrépi cia hén
hop khi 1i twbng. Vi p; = px; nén (VIL56) c6 thé viet -
Si = s?(T) - Rinp— Rinx;= S} — Rinx;, dodé:

$=2In;Si=Zni(SY - Rinx;) (VIL57)

Nhir vy, trong ba.tieu chudn (hay didu kien) cita dung dich I twémg
thi chi tiéu chudn thé tick (VI1.54) méi duge rit ra tir phrrong trinh trang
thii cda hén hop khi Ii twdng, con titu chudn noi nang (VILS5) va
entropi (VIL57) phii thira nhan nhu nhiing tien dé déi v6i hdn hop khi It
twong. Chi v6i didu kién nhw vay thi méi khi 1i wéng i trong hén hop
mdi ¢6 ddy dii c4c thuoc tinh (VIL48). '

Ghi chii : 1) '11160 (VL.7), hdm Gipxc hay thé ding 4p ciia 1 mol khi If tudmg i
‘nguyén chit o6 dang G = g (T)+RTlnp. DE chuyén sang the ding 4p mol rigng phdn

cha khi I tuéng i c6 4p sust rieng phin 15i trong hén hop, ta chi viec thay p bing B+
Gi = £0(T) + RTinp, ' (VIL58)
Vip;=pxjnen:
Gi = g (T) + RTinp + RTinx; = G? + RTinx;

2) Vip; = ¢;RT nén (VIL.58) c6 thé viet :
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Gi = £0(T) + RTRT + RTinc; = g°(T) + RTing; (VIL59)
véi : g7 (T) =g} (T) + RTInRT
PVip = Ei_ nén the hod hoc p; cia khi 1f tudng i trong hén hop khi 1f tudng c6 thé
bidu thi dudi mdt trong nhilmg dang : :
Wy =P (D) + RThap, |
w; = W (T) + RTinc; SRR (VIL60)
W= l-l? .(T. P+ RTi;nxi |
trong 86 i (T) = g (T) ; e (M=g7 (T :

b9 (T, p) = G2 (T, p).

§6. HON HOP CAC KHI THUC (KH6_NG LI TUBNG)

1. Ap suét rigng phédn

D6i v6i hdn hop khi thuc, 4p sudt riéng phdn dinh nghia theo Danton '
khong c6 cong tinh, tic 12 khong tuin theo dinh luat Panton :

' p # Zp; (Darton)

. ngodira:
p; (Panton) = px;

S& di nhu vay 1a Vi 4p sust rieng phdn (dinh nghia theo Danton) cba
céc khi thyc trong hdn hop khi 13 khong doc I4p ; giita cdc phan ti cla
nhiing khi thuc luon ludn c6 nhiing tuong téc khong thé bd qua nhu d6i
v6i khi 1i tudng.

D& bio toan tinh cong ducc clia cic 4p sudt rieng phén thi trong
trudng hop chung, d6i v6i hén hop khi 1 tudng cling nhu khéng 1i tudng,
ta o6 thé dinh nghia dp sudt riéng phdpn hinh thic p; 12 4p sust thod min
hé thic :

p; {hinh thirc) = px; (VIL61)
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Di nhién, d6i vé&i héa hogp khi 1i tudng, p; dinh nghia theo cdch niy
trang vai p; dinh nghia theo Danton.
Déi v6i hén hop khi thyc thi tir (VIL.61) suy ra duge :
Zp; (hinh thic) = Zpx; = pIx; =p
wic 12 suy ra duge cong tinh ciia céc 4p sust rieng phdn hinh thitc, nhung

khong thé suy ra duge p; hinh thic 1a dp sudt ma khi i trong hén hgp khi
thuc s& c6 nén nhir né chi€m mot minh toan bo thé tich V ¢la hén hop &
cung nhiét do T : Néi cach khic, d6i véi hén hop khi thyuc, p; (hinh thirc)
#p; (Danton). D6 la do cé tuong tic gifta cdc phan tir khi thuc, va khi
thyc khong tuan theo phuong trinh trang thdi ciia khi If tedng. Chi & 4p
suét di thap, chinh x4c 13 khi p > 0, méi c6 thé bd qua nhimg trong tic
dé, khi d6 khi thyc dat duge tinh 1i tudng va p; (hinh thic) méi dong
nhat véi p; (Panton).

2. Hoat 4p riéng phén (thudmg chi goi tét 13 hoat dp)

Tir nay, d6i v6i méi khi i trong hén hop khi 1i tudng cting nhu khOng

1i tuémg, ta déu dinh nghia 4p suét riéng phin p; theo céch théng nhét
(VIL61):

. P; = X |
Néu hén hgp 1& Ii tudng, lhé' ho4 hoc cia khi 1i m(‘mg i trong hén hop
c6 dang :

Wi = (T) +RTinp; T (VIL62)
S8 hang pf (T) chi phu thudc vao T va bing th€ hod hoc cia i khi p, = 1.

Néu hén hop 1a khong If wong, 4p sudt rieng phan p; cia khi thye i
trong hén hop khéng nghiém diing (VI1.62). D€ bao toan dang don gian
(VIL62) ciia thé hod hoc, ta thay p; clia khi thuc bing dai luong f; sao
cho th€ hod hoc p; cha khi thyc i trong hén hop bing :

i = 0 (T) + RTinf, (VIL63)
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va 520 cho khi 4p suat toan phan p ciia hén hop ti€n din t6i khong (nghia

1a khi hén hop khi ti€n d4n dén trang thdi 1i tudng) thi f; > p;, tiic I ;
lim ( 5—) = lim (ﬁ-J =lmy, =1 (VIL64)
PON\Pi ) POl Px;

Dai luong f; dinh nghia nhu vay 201 12 hoat dp riéng phdn cha khi i
trong hén hop khi. Ti s6 v = f/p goi 14 hé 6" hoat d6 cita khi i. Didy ki¢n
(VIL.64) c6 nghia 1 d6i véi hén hop khi If tuéng, f; = p; vay; = 1.

Trong trudng hop chung, hoat ap f; cia khi thure 14 ham ciia nhiét do,
dp sudlt va thanh phén clia hén hop.

Khi hén hgp khi thuc khong c6 sai lech nhiéu so véi tinh If teémg, o6

the 4p dung quy tdc gdn ding sau :

£ = 1K 5K | (VIL65)

tifc 12 : trong hén hop khi thuc, hoat 4p f; ciia méi khi i x4p xi bing phén
mol x; c&a n6 trong hén hop khi nhan véi hoat dp f° ciia khi i nguyen
chét, & nhiét do va 4p sust bang nhiét do va dp sust toan phdn clia hén

hop khi. Trong (VIL65) chi s6 K chi pha kh{f (hay hot) ; khi khéng sg
nhdm 14n véi pha long (dung dich 16ng) thi bb khéng c4n ghi K.

Hoat dp £’ ciia khi i nguyen chét c6 thé tinh ti &p sust p® va tir he
$G hoat d¢ v; cita né theo phuong trinh :

£ = vip} | (VIL66)
§7. SU HOA TAN HAN CHE cUA
- CAC KHi VAO NHAU

Mot thdsi gian ddi, ngudi ta cho ring Ut c cdc khi dév o6 thé tén 13n hodn toin vio
nhau theo bét ki 6 1¢ nao, Nhung ngay tir 1894, Van de Van d tien dodn ring cdc khi cé
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thé khong tron 1n hodn todn vio nhau v o6 thé tich ra thiwh haj i6p (hai pha khi} can
bing vSi nhau & tren nhiet d6 16i han ciia cée khi. Ldn diu tien (1941) céc nha béc hoc
Lita X0 LR. Krichepxki, P.E. Bonsacop v D.X. Xiklixo d& khém phé ra bing thyc
nghi¢m tinh tan han ché ciia cfic khf d6i véi hn hop NH, va N, khi 4p sust dat 163 vai
nghin bar va vii nam sau lai tim th&y hién trgmg d6 & nhidu hén hap khi khdc. N6i chung
sur hinh thinh |6p & nhimg héa hop 46 twan theo nhilng quy ludt da biét vé sy chia iép &
nbing hér hop 1ong (xem CL.XIV, §6).
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CHUONG VI
DUNG DICH LONG VO CUNG LOANG

Su nghién cfu thuc nghigm va I thuyét dung dich lodng d3 ndi bat 1én hang diu &
cuti thé ki 19 ddu the ki 20. Nhitng dinb luat vé dung dich lodng 15 nhitng dink fudt gidi
han, chi ding chinh xdc d6i v6i dung dich vé cing lodng, cdn d6i véi dung dich b do
loaing hitu han thi bai tinh thyc nghiém 12 phdi xdc dinh xem nhimg dinh luat gy c6 thé
#p dung trong chimg myc nao ma khong gy ra sai s6 ding ké. )

§1. CAN BANG DUNG DICH LOANG - HOI
BAO HOA. DO HA AP SUAT HOL
pO TANG DIEM SOI CUA DUNG DICH LOANG

1. Ap sut hoi béo hoa clia dung dich léng

Hoi can bing véi dung dich 16ng goi 1a hoi bda hoa (goi it 1a hoi)
chia dung dich. Néu né chifa moi c4u tir cha dung dich thi dp sufft hoi s&
bing 1éng 4p suft hoi riéng phin cha céc cfiu tir. Mot s6 cu tir c6 thé
khong bay hai (hoic chi bay hoi khong déng ké) & nhiét do khao sit va
thuc 1€ 12 khong ¢6 mat trong hoi. '

2. Pinh luat Raun vé sy ha 4p suét hoi cla dung mdi trén dung
dich

a) Trudng hop hoi 1é I tuong. Nam 1886, nha béc hoc Phép Raun
(F.M.Raoult) tim thdy bang thyc nghi¢m dp sudt hot ciia dung méi trén
dung dich lodng bé hon dp sudt hoi ciia dung moi long nguyén chdt o
citng nhiét 46 (va & cting 4p sudt ngoai).

D6i véi dung dich loing, 4p sudt hoi p; cla dung moi ti 1& v6i phidn
mol X, ciia 86 trong dung dich :

=k x
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Khi x; = 1 (dung moi 16ng nguyén chdt), p; = py =k, vy k, chinh

ta 4p sudt hoi pj ctia dung moi 16ng (cfu tir 1) nguyen chat & ciing nhiét
dd. Do dé .

P =P X (VIIL1)

Goi x, 12 phdn mol cita chat tan (cfu tir 2) trong dung dich. D6i véi
dung dich 2 cAu tit, x; + X, = 1,do d6 X, = 1 — Xy va (VIIL1) ¢6 thé viét :
P1 =Pl U -xp) (VIIL2)

Néu ghi p, trén truc tung, X, trén tryc hoanh, du‘émg biéu dién 1a mot
dudmg thing. Tir (VIIL.2) lai suyra:

Pl - Py =x
Py |
Nhimg phuong trinh tix (VIIL1) dén (VIIL3) 12 nhimg biéu thic ciia

dinh luat Raun. Hi¢u Ap; = py — p; g0i 12 d¢ ha tuyét déi ap sust hoi

cia dung moi vi do bing nhing don vi nhu mmHg. Con

(P} ~ P1)/ P} = Apy /Py 201 12 d§ ha tuong d6i 4p sudt hoi cia dung

moi, né 12 mot dai luong khong cé thit ngnyen. 3 dang (VIIL.3) dinh lu4t
Raun c6 thé phét biéu :

Dg ha twong déi dp sudt hoi ciia dung méi trén dung dich lodng bdng
phdn mol cua chdt tan trong dung dich.

b6i véi dung dich rdt loﬁng, ny << 1y, (VIIL3) ¢6 thé viét ;

(VIIL3)

App _pi-p_ N
p(l) p? l'll+llz n

n, . m

- (VIILA)

Néu m, 12 d¢ molan, tifc 12 s6 mol cht tan trong 1000 gam dung moi
thi n; = my va n; = 1000/M;,M, 12 kh6i lugng phan tir clia dung moi.
Khi d6 :
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M
A g - K,m, (VIIL5)
po 1000 % -

J dang nay, dinh luat Raun c6 thé phit bidu :
Dé ha tirang doi dp sudt hoi ciia dung méi trén dung dich lodang ti 1¢
vai d¢ molan tha chdt tan trong dung dich, hé s tf 1é K, bing khéi
lwgng phdn ti ciia dung méi chia cho 1000.

~ (VIIL4) c6 thé viét : |
Bpp_, M2 _82/Mp

2 (VIIL6)
) n g /M

Heé thitc nay cho phép xdc dinh khéi lugng phan tir M, ciia chét tan
khi 44 biét M,, Ap; /p} vA luong g, gam chdt tan trong g; gam dung
moi.

b) Truong hop hoi la khong Ii nedng. Khi d6 phai thay 4p sust bang
hoat 4p va dinh luat Raun (VIIL1) chuyén thanh :

f = 1% = (1-%3) (VIILT)

f; 12 hoat 4p ctia hai dung mo6i trén dung dich loding, f{’ 13 hoat dp clia
hoi dung moi 1ong nguyén chit & cing nhiét do va 4p sudt ngodi nhv
dung dich. (VIIL.7) goi 12 dinh ludt Raun tdng qudt.

Ghi chit. Nhitng dung dich 1dng tufin theo triét ¢€ dinh luat Raun dang (VIIL1),
(VIIL.2) hay (VIIL7)} & moi nbng d6 goi 14 dung dich Ii tudng (hay dung dich hodn
chinh). D6 12 loai dung dich 16ng don gidn nhdi. Nhitng dung dich léng khong hoin
chinh chi tusin theo dinh iuit Raun khi dung dich 14 &0 logng (chinh xic 13 vo cing

lo@ing). C6 thé néi dung dich khong hoan chinh 12 li zong chi 46i v6i dung moi khi dung
dich 12 loing. '

3. Pinh lut Henry vé ap suét hol cla chit tan

a) DGi véi dung dich lodng, néu chit tan ciing bay hoi thi né tuan
theo dinh ludt Henry (1803). Néu hai 12 1i tudng, dinh luat ndy vi€tla :

pB= k2X2 (VIH.B)




tifc 12 &p sust hoi riéng phdn p, ciia chat tan i 16 v6i phn mol x, cia
né trong dung dich Ibﬁng, hé s6 ti 1& k, goi 14 hé 56 Henry. Chd khic

nhau can ban v6i dinh luat Raun 1a k, chi 1a mét hiing s& nao dé, wy
thu¢e vao di€u kién t6n tai clia hé (T, p ngodi di cho), Néu d6i v6i dinh

luat Ravn p; = kx; = p{x;, tic la k, = p{ thi d6i véi dinh Inat Henry
Py = kyxy, kp # p3 khi dung dich 1a k.hf_)ng I tuéng va rat lodng (x4 = 0),
do d6 khong thé ngoai suy t6i néng do x, = 1.
Néu pha hoi 1 khong If twdng, phii thay 4 ap. suft p, bing hoat dp f, va
(VIIL8) viét 12 :
fy=kx, | (VIILY)
(VIIL9) 12 dinh ludt Henry tng qudt.

b) Dinh luat Raun va dinh luat Henry dwc tim thay doc 1ap nhau
nhung ¢6 th€ ching minh ring d6i véi dung dich lodng, néu dung méi
tudn theo dinh ludt Raun thi chdt tan tdt yéu phdi tudn theo dinh lugt
Henry va nguwoe lai.

¢) Néu dung djch 1a If twémg (hoan chinh), nghia 1 néu dinh luat
Raun diing véi moi n6ng d6 thi dinh luat Henry ciing diing v6i moi néng

d6. Khi d6 c6 thé ngoai suy 16] X, = 1 (chdt tan & trang thdi 16ng nguyén
chiit), £ =k, = £§ va (VIIL9) tr thanh :

f, = 5%, (VILL10)
Nhu th€, doi véi dung dick Iong Ii tudng, ndi dung ctia hai dinh ludt
Raun va Henry tring nhau. D6 1 tap hop nhimg phuong trinh f 1= 0%

va fy = 3%, goi 13 dinh luat Raun — Henry t8ng quat hop nhét, thudmg
chi goi tit 12 dinh lu4t Raun. Khi pha hoi 13 Ii tuémg, hoat 4p trung véi 4p
sudlt, khi d6 p, = p{x; va p; = pix,.
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4. Thé ho4 hoc cilia cic ciu t trong dung djch loing
Khi c6 can bing dung dich 1ong v6i hoi bio hoa ciia n6 thi the hos
hoc cia méi cqu i j trong ca hai pha phal bang nhau p,—L = piK (L=
Iéng, K = khi (hoi)). The ho hoc ciia j trong pha hoi o6 dang :
' M = uP(T) + RTinf
Déi vsi dung méi 1, theo dinh luat Raun f) = £0x;, vay .

M= b= i = WOT)+ RTIng® + RTinx,.

BT (T.p) = pf (T) + RTIng?
va:

W = pf (T,p) + RTinx ' (VIIL11)

py (T,p) la th€ hod hoc ciia dung moi 16ng nguyén chat (khj X;=1). N6

phu thuge chi y&u vao T, rat ft vao P» Vi dp sudt chi c6 anh hudng rat nho
d6i v6i chit long.

bai vai cha’t.tan trong dung djch loing, theo dinh luat Henry
fz = k2x2 (kz'-?t fzo) :
e =py = X = u9(m) 4 RTink, + RTinx,
Heé s6 Henry k, 12 ham ciia T va p, do d6 ciing c6 thé dat :

M3 (T, p) = 43 (T) + RTink,
va duge :

B2 = u3 (T, p) + RTinx, (VIIL12)
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Chd ¥ ring d6i v6i dung dich khong If tuémg va lodng, p3 (T,p)
khong c6 ¥ nghia 13 th€ hod hoc cia chét tan (c&u tlr 2) 1éng nguyen chat
vi khong thé ngoai suy téi ndng do x, = 1. S6 hang p3 (T, p) ciing phu
thude chii y&u vao T, rdt it vao p.

5. Do tang diém sbi cla dung dich Ioéng‘ché’t tan khéng bay hoi

a) Nhiét d¢ so6i cia pha Iong. Bt ci& pha long nio, nguyén chit hay
dung dich cting déu bét ddu s6i & nhi¢t do ma tai d6 dp suit hei bio hoa
cta né trdy thanh bing 4Ap sudt ngodi. Néu 4p sudt ngoai bang 1,013 bar,
nhiét do s6i goi 13 nhiét d6 sé6i chudn hay didm séi (hay phi diém)
chudn.

D61 v6i chdt Iong nguyén chdt, khi 4p sudt ngoai khong dbi thi nhiét
do soi ciing khong d6i su6t thdi gian s6i cho dén khi toan bd chit léng
chuyén hét thanh hoi. Nhu vay, d6i v6i chat 1ong nguyén chét, nhiét 46
bét ddu soi va nhiét do k&t thiic su s6i 12 mot. Nhung d6i v6i dung dich,
& 4p sudt ngoai khong ddi, trong trudng hgp chung, nhiét do bt diu va
két thiic su s6i 1a khéc nhau vA nhiét do soi thay déi lién tuc trong suét
qua trinh soi.

Déi v6i dung dich lodng chdt tan khong bay hoi, hoi bio hoa cha
dung dich chi gém ¢6 hoi
bio hoa clia dung mo6i va p
theo dinh luat Raun, ép 1 B g

B

sudlt hoi bac hoa dd luén . "
luon thép hon dp sudt hoi p=1,013 bar C/ C/ C/
bédp hoa clia dung méi long /E :
nguyén chit & cing nhiét A !
do va cling p ngoai. A ,

Hinh VIII-1 biéu thi sy g
phu thudc dp sudt hoi bdo
hod cha dung moi nguyén
chidt (dudng cong AB) va

cia dung dich lodng c6 Hink VI - 1. Suting diém soi cha dung dich loang
néng d6 khic nhau {(duémg chat tan khong bay hai.

m—|
| EEEEEER
"
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cong AB' va A"B") vao nhiét do. Néng do phin mol x, chia chat tan
trong dung dich cang 16n (nhung dung dich vin di lodng) thi dudng

cong &p sudt hoi clia dung dich cang phan b& th4p hon so véi duong
cong 4p sudt hoi clia dung moi nguyén chit.

D& xc dinh nhigt 40 s6i chusn, ta vé trén gidn dé hinh VII-1 duong

ding dp img v6i p, = 1,013 bar. Nhiét do ma tai d6 dudmg déng 4p nay
cét nhilg dudng cong AB, A'H, A"B" v.v... tai nhing diém C, C, C",...
14 nhiét d6 soi chuéin ciia nhimg pha 16ng trong tng. Ta thiy ring nhiet

d6 soi chudn d6i v6i dung dich loang (T,) Iuon luén 16n hon so véi dung
moi nguyén chat (Tg) va hiéu giiia ching AT, = T, — T s& cang I6n
néu néng d¢ x, cha chit tan cang l6n (trong pham vi dung dich vin
lod@ng). :

b) Thiét Iap cong thitc doi véi AT,. DGi v6i nhitg dung dich dii lodng
dé c6 thé 4p dung dinh luat Raun, ta c6, khi 4p sut hoi p clia dung dich
bang 4p sudt ngoai p, = 1,013 bar :

P = P1 = PIX] = Po = 1,013bar = const
Sau khi 14y logarit phuong trinh nay rdi dao ham theo T s& duge :
| dinp _ dinp}  dinx) _ dinp,
dT dT dT - dT

=0 (a)

pi la 4p sudt hoi bao hoa cia dung moi long nguyen chit, né tuan theo
phuong trinh Clapéron — Claudiuxo dang :

dinpy _ Ly,

dT  pt? ®

Ly, 1 12 nhiét hod hoi cha 1 mol dung moi 1dng nguyen chit. Do dé
két hop (b) véi (a) s& duoc : '

dinpy _ Ly _ -dinx) _ _din(1-xp)
dT  RT? dT T
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- hoac :
~din(l - x3) = Lnt a
R T2 .
Khi tich phan phuong trinh ndy trong khoang nhiét do nhd, tr nhiét
do soi chuin T? cda dung moi nguyen chét (x, = 0) dén nhiét do bit
ddu s6i chudn T, cha dung dich loing c6 phdn mol x; cha dung moi
bing (1 — x,) thi c6 thé chdp nhan Ly, |, =const,dod6:

X3 T,
L dT
Jua-ro-e 18

0 gy
Ly (T - T5)

-In(l —-xy3) =
RT; Ts°

(c)

béi vdi dung dich rit loding, x5 << 1, c6 thé chép nhan cong thic gdn
diing : '
=In(l-x%x3) =%,
~ Mat khdc, Vi hiéu (T, ~ T®) 1 bé, ¢6 thé chdp nhan T,TS = (T?)>
va phuong trinh (c) tr& thanh : '
Ly -TO)

X
2 RmY

Goi AT, =T, — Ty 13 d¢ tdng diém s6i ciia dung dich

_R@y

Xo (VIIL.13)
Lha '

AT,
D6i véi dung dich rat loang ¢6 do molan m, (s8 mol chét tan trong
1000 gam dung méi), theo (VII.18) :
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vy :

_RAPM  RODm,

AT,
*TT1000Ly; > 10002y,

(VIIL14)

Ly, - '
Apy = ol Y nhiét hod hoi riéng (tfc 12 d6i vai 1 gam) cia dung moi
oM |

nguyen chit (biéu thi ra J/g). Vi né 1 mot hing s6 & nhiét do T x4c
dinh nén c6 thé diit :

AT, =K m, (VIIL15)_

tic 12 6 tdng diém’ séi ciia dung dich lodng i 1¢ véi ndng dé molan m,

ctia chdt tan trong dung dich. He s6 ti 18 K goi 12 hdng sd nghiém s6i

(hay phi nghiém) ciia dung moi nguyeén chit. Gi4 tri i thuyét chané 1a :
_R(T? _ 0,0083(T0)?

= VIIL16
® 1000%y 4 Aht ( )
bdi vi
...R_ = Eﬁ - 0,(1)83
1000 1000

Hing s6 K, chi dic tnmg cho dung méi, khéng phu thude vio bin
chit cla chit tan. Thi du, d¢i v&i dung méi 1a nuée H,0, K (thuc
nghiém) = 0,51 ; gid tri i thuyét tinh theo (VIIL.16) 12 K = 0,513.

¢) Phép nghiém s6i (hay phi nghiém). Néu g, gam 1 lugng chét tan
trong g, gam dung moi thi lugng chit tan trong 1000 gam dung mai Ia
1000 g,/g; va s6 mol chit tan trong 1000 gam dung moi, tic la do
molanms, 12 :

& 1000

my {(VIN.17)
g M _

M, Ia kh6i lugng phan tir chét tan. Dua gié tri (VIIL17) cila mj vao
(VIIL.15) s& duoc :
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1000

AT, =K,m, =K, &2 (VIIL18)
L g M _ .
tir 6 : _ |
M, =K, 82 1000 (VIIL18a)
g AT .

Phuong php xéc dinh M, dya vao phuong trinh niy bing céch do do
tang diém soi AT, ciia dung dich lodng 1A mot \mg dung ctia phép
nghiém s6i. ' '

_ - Cén Ivu ¥ nhimg h¢ thic tren chi ddng khi khong c6 sy phan li hay
lién hop phan tir clia chét tan trong dung dich.

§2. CAN BANG DUNG DJCH LOANG VO3i
~ TINH THE cUA DUNG MOL.
B0 HA BANG DIEM CUA DUNG DICH LOANG

1. D$ ha bang diém clia dung dich loding

3 4p sufit khi quyén ngdai P, = const, khi 2m ha di thap nhidt do
cua dung dich lodng thi c6 thé dat t&i nhiét do bat ddu kéf tink (ho4 rén)
cia dung dich ma tai d6 hat tinh thé ddu tién hién ra, can bing véi dung
* dich. Nhiét do dé goi I nhiét do bit ddu dong dac (déng bdng) khi né
thdp hon nhiét 4o trong phong. Khi P; = 1,013 bar, né goi 1 nhi¢t dg bat
ddu dong ddc chudn. _

Khéc v6i chét 1ong nguyeén chat bit ddu va két thic su két tinh &
nhi¢t d¢ khong déi khi P, = const, nhiét d két tinh cha dung dich
thudng thay ddi, néi chung ha thap déin khi sy két tinh phét trién va
thudmg thap hon so véi dung moéi nguyén chat (Lomonoxop 13 ngudi diu

tién, & th€ ki 18, nhan thdy bang diém ciia dung dich th&p hon ciia dung
moi nguyén chit).
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Khi dung dich loéing bt diu két tinh, nhiing tinh thé hién ra c6 thé 1a
cla dung moi nguyén chit hodc c6 thé Ia tinh thé tap hop (dung dich
rén) gbm ca dung méi va chét tan. O day chi xét trudng hop dung dich
cho tdch ra nhiing tinh thé cia dung méi nguyén chit. D6i v6i trudmg
hop nay, nhi¢t d6 bit ddu ket tinh hay bang diém T}, cia dung dich bao
8id cling thap hon ciia dung moi Iong nguyen chit (TS) & cing ap sufit
ngoai P, nhy nhav. Hiéu ATy, = Tg - T, goila do ha nhiét d6 bit diu
két tinh, hay goi tit 1a d¢ ha bdng diém cia dung dich lodng (so v6i

dung moi nguyén chat).

C6 thé ching minh (xem Ch. X, §7) ring cong thic d6i véi ATy, cling
tuong ty nhu d6i véi AT, : '

__R§Y® _ 0,0083(T¢)
b 10Cnlnr:,l 7"nc.l .

ATb = Kb my

(VIIL.19)

Auc,1 = Ly, 1/M; 12 nhiét néng chay riéng (d6i véi 1 gam) cita dung
moi nguyén chét ; Ky, 1a hdng s6' nghiém lanh hay héng s6' han nghiém
cha dung moi nguyén chat.. Thi du, d6i v6i nudc, K}, (thue nghi@m) =
1,84, K, (Ii thuyét) tinh theo (VIIL19) 12 1,86 ; d6i boi benzen, K, thuc
nghiém va ii thuyét 14 4,9 va 5,15.

2. Phép nghiém lanh (hay han nghigm)

Han nghiém hay phép nghiém lanh 13 phuong phép thuc nghiém do
do ha bang diém ciia dung dich loding. Tir d6 c6 thé xdc dinh khdi huong

phdn tit M, ciia chét tan trong dung dich. Néu 2> 1a s6 gam chat tan
trong g; gam dung moi thi theo (VIIL17) ¢6 thé biéu thi AT, nhu sau :

AT, = Ky.m, = K, 52 1000 (VIIL.20)
' g M
tirdo:
M, = K, B2 100 __ (VIIL.20a)
g AT,
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Vi phuong phép han nghiém chinh xic hon phuong phép phi nghiém
(phép nghiém s6i) nén né duge ding rong rii.

D6i v6i dung dich lodng, nhitg hé thirc trén chi ding khi khong co
sit phan li hay lién hop phén tir chia chét tan trong dung dich.

§3. AP SUAT THAM THAU

1. Ap sudt thdm thau. Can biing mang
D6i v6i dung moi nguyén chat, néu nhiét 4o 1a T, dp sust khi quyén
ngodi tic dung 1én n6 1a P = P, thi &p susit hoi clia n6 1a pf = f(T.F,)
va th€ hod hoc ciia n6 bang :
uf = pf (T) + RTinp} |
Néu dung méi dé khong & dang nguyén chit ma ¢ trong mot dung
dich trong 46 phdn mol ciia né 1 x, < 1 thi ciing vin trong diéu kién T,
p khong ddi nhu trén, 4p sufit hoi clia né trén
dung dich s& tuan theo dinh luat Raun néu
dung dich 12 dii lodng, tic la bj ha di va bing
Py = Pix; = Pi{l-Xy), do do the hod hoc
cia dung méi trong dung dich bang : 4]

R puEi

w =y (T) + RTiap,

Nhu vay, & T va P ngoai khong ddi, the
hod hoc ciia dung méi trong dung dich bé
hon th€ hod hoc clia dung méi nguyén chat 1
mot lugng bing :

=l sauawnnnnanavn

I
1
'

b

2]
. pp -
Ay = I-l‘i) - = RTin=t (VIIL-21) Hink VIII-2 — Dung cu don
: Pi gidn d€ do &p sust thim theu ;
Do d6, nfu dung dich v dung méi 1, dung dich nuéc duémg ; 2,

. Lo N nude ngoyén chit ; 3, mian
nguyén.chat ti€p xdc nhau qua mQt mang bén ﬁlgm; 4, 6ng hep. e
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bdn thdin (hinh VIII-2) thi chua thé c6 can bing b vi thé hod hoc clia
dung mdi & hai bén mang chua bing nhau,

Miing ban thdm (thi du mang colodion) chi cho dung mdi (nudc) di qua, cdn chél tan
{dudng) khong di qua dugc. Nu6c c6 thé di qua mang ban th&m tir ¢4 hai phia, nhung 8¢
dd ciia nude tix binh ngodi (nuée nguyen chat) vao binh trong (dung dich) Ién hon tir binh
trong ra binh ngodi. Do d6 trong thitc 1, ta quan sét dugc hién wrong wr chuyén cia
nude (hodc mot dung mdi khic) vio dung dich qua mot mang ban thém. Hien trong nay
£0i la thdm thdu. N6 tu dién ra theo chiéu tir dung méi nguyén chit (c6 the hod hoc uy
I6n) vao dung dich (trong d6 dung moi 6 the hod hoc y; < p‘l’)

- Do c6 sy thim thdu, mic dung dich trong éng hep dang lén, 1am tang dp suat thuy
tinh cta dung dich, do d6 tao nén mot dp sudt phy lam tang 8¢ 40 chuyén cdc phan 1
nudc tir binh trong ra binh ngodi, tic 12 1Am cin tré ddn sy thim thau. Khi mitc dung dich
trong &ng hep dat 16i diém A cdch mie nuée trong binh ngoai mét do cao h ndo dé (hinh
VIII-2) thi 4p suft phu dat i gis tri ma tai d6 su thim théu dimg lai (t6¢ o chuyén cic
phan tif nudc tir binh trong ra binh ngoai va tir bink ngodi vao binh trong trd thanh bing
nhau). Nhurthe |2 can bing duoc thiét 1ap giita dung dich va dung méi nguyén chét cich
nhau bang mot mang ban thdm. Khi d6, gilfa hai difm M’ vaA M &y & ciing mifc trong
dung dich (di€m M’) va trong dung moi nguyen chét (diém M 4y & ma thosng cita
nuGe) ¢6 mot hidu 4p sudt P — P. Vi 4p sufl tai A va M bing nhau va bing 4p suit khi
quyén ngodi P nen hien P — P do bing d0 cao h ciia cot dung dich, tic 12 bing dp sudt
thuy tink clia cOt dung dich d6. N6 bing P - P = hpg, p 1a khéi lugng rieng cia dung
dich, g 12 gia t6c trong trudng & noi 1am thi nghiem. B vi 4p sudt d6 1am dimg sir thdm
thé, né can bing véi dp sudt thdm thidu 1 cha dung dich, '

Trong thuc €, ngwdi ta thudmg do dp suit thdm thiu bing cich do 4p sudt thuy tinh
d6. V1 the c6 thé dioh nghia dp sudt thdm thu la dp sudt Phu phdi téc dung lén dung
dich ¢ néng dg di cho d€ dung dick can bdng vai dung moi nguyén chdt cdch mhau
bdng mgt mang bén tham (trong diéu kien nhiet 46 va 4p sudt khi quydn ngoai khong
ddi). Hogc ciing ¢6 thé n6i & T = const, mudn cho dung dich c4n bing qua mang ban
thadm véi dung moi nguyen chét ciia né thi ap sudt P' thc dung len dung dich phii 16n hon
4p suft P tic dyng len dung mdi mot hrong bng dp sufit thdm thefu. Néu P’ <P+ 7, dung moi
s& chuyén qua mang bén th4m vao dung dich. Neu P > P + 7, dung méi s& tir dung dich
chuyén ra ngodi. Néu P = P + 7 thi ¢6 can bing (cdn bing ming).

2. Binh luat Van Hop v& 4p sudt thdm thiu

Nam 1886, bang thuc nghiém, nha béc hoc Ha Lan Van Hop (Van't
Hoff) di tim ra phuong trinh d4i véi 4p suat thdm thdu = cia dung
dich lodng : '

= CoRT | (VIIL22)

c2 1a nong do mol — thé tich ctlia chét tan, ¢, = ny/V = g/(MpV), m, 12 56
mol chét tan trong thé tich V clia dung dich, g, la khéi luong chét tan
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trong thé tich V d6, M, 11 khéi lugng phan tir cha chat tan con R 12 hing
s6 khi. Néu V tinh ra lit, 4p suélt m ra atm thi R =0 082L.atm/K. mol
Pinh luat Van Hop c6 thé phét biéu :

Ap sudt thdm thdu = ciia dung dich lodng cé s6 tri bdng ap sudt ma
56 mol chadt tan s&€ c6 néu né o trang thai khi li tudng chiém thé tich
bdng thé tich V cila dung dich va & ciing nhi¢t d6 T nhuw ding dich.

3. Nhiét déng luc hoc vé ap sudt tham thau

Trén da n6i 4p sudt P & dung dich chi c6 thé ting nhe xudt hién thém
mot ap suit phu (thi du 4p sut thuy tinh clia cot dung dich). Khi 4p sufft
phu nay can bing v6i dp sust thim thdu 7 clia dung dich thi méi c6 can
bing giita dung dich va dung moéi cdch nhan biug mot mhng bin
thdm va khi d6 th& hoé hoc ciia dung moi & hai bén ming méi tré thanh

bing nhau. Nhu vy, & dung dich, chi sau khi P tang tir gid tri P, d€n gid
tri P = P, + m thi m&i ¢6 diing thic pf = p

Dé xéc dinh sy phy thubc ciia p; vio P, ta ding he thic (VIL33) :

[?ELJ =V tic ladyy = VidP & T = const
P )y | |

V& nguyén tic, V1 ¢6 phu thuoc vao P nhung rét it bdi vi pha Jong 1a rét
kh nén, do d6 ¢6 thé chép nhan V) = const. Khi d6 sy tich phan s& cho :

™
Ap = V1 [dP = =¥y

0
Két hop vdi (VIIL.21) duge :
aV) = RTinEL Py ‘ (VIIL23)
L

D6i v6i dung dich loang, p; = pf x,, tic 1 (p; /py) =X, dod6:

nVi = ~RTinEL = —RTinx; = -RTin(1 - x;)
P -
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Vix, << 1 nen ~In(1 T X)) mXy VA

Vi~ X7RT = L2 gt hodc n(n, Vi) n,RT
o '
D6i v6i dung dich rat long, c6 thé coj gdn ding n, V} bing thé tich
V clta dung dich, do dé - :

AV = 0,RT, hoic 7 = 1“72- RT=c,RT (VIIL24)

D6 chinh 1 phwong trinh Van Hop ddi v6i 4p susit thdm thau cia
dung djch lodng. .

- Ghi chii. DSi véi duag dich loang, c6 nhitng thudc tinh hu nhy chi phu thudc vao s&
lugng tidu phén civa chat tan, khéng phy thudc vio ban chai cia chit nay. Nhimng thude
tinh ahu the goi 1y thudc tinh 1gp the cia dung dich (tir chit La Tiph colligatus = tp thé,
tp doiin), :

Loai thuéc tinh ap the cha dung dich lodng gém c6 d0 ha wong d6i Ap suft hoi ciia
dung méi, d¢ tang diém soi, d¢ ha bang diém va 4p suft thim thiu cia dung dich lodng :

App _ M
pf' = mmz ATS = KSITIZ
) ATh = Khmz m= C2RT

Bon thuc tinh d6 ti l¢ véi nhay vé tir thudc tinh nay c6 thé suy ra thudc tink kia.
t

M&i mét trong nhimg hugc tinh Ay déu c6 the ding dé x4c dinh kh6i lugn g phan
clia chift tan.

§4. CAN BANG DUNG DICH LOANG VoI
DUNG D|CH LOANG CO MOT CAU T(r CHUNG.
BINH LUAT PHAN BG. SU CHIET

1. Binh luat phan bs dang don gidn

Gia thir hai chat long 1 va 2 khong ho tan vao nhay hodc chi hoa tan
rdt it, khong déng ké. Them vio he d6 mot luong nhéd cu tir thi ba (rin
hozc 16ng) tan duge riéng ré trong ca hai chat 1ong 1 va 2. Sau khi lic
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manh d€ sy hoa tan dugc nhanh chéng réi d€ yén cho can bang dugc
thiét 1ap & T, p const thi s& hinh thanh hai 16p mong. M&i 1p 13 mot
dung dich loding c4u tir thit ba ma dung moi 1a chat 1éng 1 & I6p nay va
chit 16ng 2 & 16p kia. Hai pha long dé can bang v6t nhau, 18p c6 ti khéi
bé hon thi ndi len trén.

biéu kien can bing 1a th€ hod hoc ciia cdu tir thit ba & hai pha (') va
() phai bing nhau : ' = p". Khi chi ho tan nhitng luong nhd chat 46 dé
duge nhitng dung dich Io:mg thi chat tan (¢fu tir 3) tuan theo dinh luat
Henry va th€ hod hoc cila né trong dung dich loang cé dang (VIII.12).
Nhu vay, diéu kién can bing 1a :

W (T P} + RTInx = p” (T, p)+RTInx
trdé :

12 (T,p) - u? (T,p)
RT
& T, p const, dai luong d6 13 mét hing 56 va :

:n;’% = = ¢(T,p) (VIIL25)

f— = (T, p) = const : - (VILL 2.6)

Né'u dung dich la dii loang thi néng d¢ phdn mol x ti 1¢ v6i néng do
mol — thé tich ¢. Khi d6, & T, p const :

C

=K : (VIIL.27)

c”

Nhimg phl.rcmg trinh (VIIL.26) va (VIIL.27) 12 biéu thic dinh lugng
cua dinh ludt phén bo, thudng goi 13 dinh lugt phdn b6’ Necxo (Nemnst,
1891). Nhung thuc ra, dang (VIIL27) di duoc Bectold (Berthelot) va

Junglaiso (Jungfleisch) tim ra tir 1872 khi nghién cifu sy phan b6 i6t | %
giiia nude va mot dung moi hitu co (CS,) khong tan trong nuéc.
Hing s6 K goi 1 hé 56 phdn bs. O T, p const, n6 chi phy thuoc vio

bén chat clia chat tan va clia cdc dung moi, khong phu thudc vao lugng

cia chiing. Trong thyc 1€, K phu thudc chi ye’u vao T, rdt it vao p. Do dé
dinh luat phan b6 c6 thé phét bidu ;
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O nhiét do khiong déi, i s6 ndng.do ciia cdu it thit ba trong hai pha
Iong cdn bdng la mot dai lugng khong d6i, khong phu thudc vao luong
tuyét d6i hay tuong doi ciia cdc cdu tik, khi dung dich la dit lodng.

C6 thé ching minh ring hé 56" phdn b6 K bdng t s6 d¢ tan riéng ré
ctia cdu 1 thit ba trong hai chdt 1ong 1 va 2 khi nhiing d¢ tan dé la bé :

' ¢’ (c)biohod _ s | |

—_— =t ————="=K - (VIIL.28)
¢c" (c")baohoa sy .

S 4 do tan cha c#u tir thit ba trong chét 1ong | va 5, 1a d¢ tan clia né
trong chét 16ng 2 & cing nhiét do, do tan 12 néng do chat tan trong dung
dich bao hoa chét dé (dung dich tuy bio hoa nhung van rit lodng).

Dinh luat phan b6 dang don gian (VII1.26) hay (VIIL.27) chi 4p dung
cho nhitng phan tif clia ch4t tan ¢6 'd¢ 16n nhu nhau & ci hai pha long.

2. Dinh luat phan b dang t8ng quét. Khi phan tif chat tan 6 do I6n trung
binh khic nhau & hai pha ldng, do nhimg hi¢n tuong phan li hay lien hop phan tir gdy ra
thi hoac 12 phdi thay néng do trong (VIIL.26) va (VIIL2T) bing hogt d¢ (khdi ni¢ém nay
s& nghién cifu & Ch.X), hoic néu gilf ndng 46 thi them nhitng h¢ s6 ndo d6 phan dnh
mé2 4o nhitng qué trinh phan li hay tién hop phan tir vi x4c djnh trong mdi trudng hop
bang thuc nghiem. Khi d6 dink ludt phén bd & dang t6ng qudt c6 the bidu thi bing
phuong trinh : '

€ _ const =K - (VIIL29)
C

(VIIL29) goi 12 dinh fugt phén bd Necxo — Silép. Gid tri ciia n ¢ thé bing hodc khic 6
nguyén ; né bing n = M"/M', & day M’ v M" 12 kh&i lugng phan tir trung binh ciia chét
tan trong pha léng thit nhét () va thif hai (). '

Néu a > 1, chét tan o6 khéi lwong phan 6 irung binh & pha (") 16n hon & pha (), dac
biet n&u & pha (') n6 ¢6 phan 1l binh thudng (dang don phén, monome) thi trong pha (")
n6 phai ¢6 phan tir lien hop. Tréi lai, néu n < 1, thi M" < M’ v2 néu & pha (') phan wr ¢6
46 16n binh thudng thi & pha (") 16 phai phan li.

Diac biét, néu trong dung mdi 1, chét tan ¢6 phén tir binh thidmg, cbn trong dung moi
2, n6 t6n tai chil y&u, gdn 100% duéi dang phan tir kép doi (ludng phan, dime} c6 40 16n
£4p doi thi dinh luat phan bé biéu thi bing phuong trinh :

=K (VIIL.30)

Phuomg. trinh nay di duoc thuc nghiém xdc nhan d0i v6i sy phan b6 axit benzoic
trong nuéc va trong benzen 13 dung moi hitu co coi nhw khong tan trong nuéc. Axit
benzoic tan trong nude chi yéu & dang phén tir don phin (monome) C4H;COOH, thye ra
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né c6 phan 1i mot pfin ahung sy phan li ndy 13 y&u, ta bb qua. Trong benzen thi né lien
 hop, chit y&u & dang ludng phan (dime) hay phan tit Kép d6i (CgH,COOH),, chi o6 mét 6
1¢ nhé don phan tu do CeHsCOOH. Goi ¢' 12 néng d9. axit benzoic trong nuéc va ¢ 13
nbng do axit benzoic trong benzen thi ¢’ v ¢” thod min p.tr. (VIIL30).

Khi khong c6 hi¢n tugng phan li hay lién hop phan tf thin = 1 va (VIIL29) ud vé
dang don gidn (VIIL.27). _ '

Nhumg vi thuémg khéng bigt trude duesc 13 c6 hay khong c6 hién tugng phén ki hay
lién hop phan tir cho nén, trong trudmg hop chung, ta cdn sir dung dinh luat phan bd &
dang tong quit (VIIL.29) vA tién hanh do bing thue nghitm mot ddy gis tri néng dd ¢’ va
¢" ciia chét tan trong hai pha 1ong (va lofing) & cing nhiet 46 (vé nguyen tic 2 gid trj clia
' va 2 gid trj tuong dng clia ¢ [a di). Sau d6, ti (VITL.29) suy ra : :

fgc” = nige’ — [gK (VI3

Biéu thitc ndy 12 mét phirong trinh duomg thing. C6 nghia I3 néu tir thye nghiém xay
dung 48 thi igc” = f(Igc’) s& dugc mot dudmg thing o6 he s6 gbc bing n cdn tung do goic
biag — igK. .

3. Mét img dung cia dinh luat phan bd : sir chiét

T dinh luat phan b6 suy ra mot phuong phép rit mot chat tan ra khdi
mot dung moi nh¥ thém vao d6 mot dung moi thit hai khong tan trong
dung moi thi nhdt nhung hod tan dugc ch4t khio s4t. Phuong phap nay
£9i 13 sy chiét. Ngudi ta diing n6 d€ loai bt mot hop phén vo ich heic
d€ 14y ra & dang gian hon mét hop phén c6 ich nio d6 clia dung dich.

Dung m0i chi€t cdn chon sao cho su chiéi duge nhanh nh4t, hiéu qua
nhdt va ft t6n nhat. N6 phai khong tan hoic chi tan rét it vao dung moi
clia dung dich c4n chiét va phai c6 he s6 phan b6 cang cao cang t6t d6i

v6i dung moi nay. Ete etylic va mot s6 dung moi hifu co khic (CCly,

CS,, Cgllg, v.v...) thudng dip fing t6t nhitng yéu cdu d6 khi cin chiét
chdt hit co ra khéi dung dich nudc.

Sau khi di chon dung moi chiét réi thi cach ti€n hanh sir chiét cling
rit quan trong. DGi v6i cing mot lugng dung moi chiét da cho, hitu suit
chi€t s& duge nang cao hon néu ti€én hanh sy chiét bing timg lugng nho
mot, chit khéng nén ding toan b trong mot 14n chié duy nhit.

De don gidn, ta gia thiét cdc ti€u phan ciia chit tan ¢6 do lon gitng nhau khi tan
trong hai dung moi va céic clu tir ciia h¢ khong c6 tuong tic hoé hoc véi nhau.

Gid thit ¢6 V4 lit dung dich chia g, gam chat i trong dung moi A va cin chiét chit i
ra khoi dung dich 46. Them vao d6 Vg lit dung moi B hod tan duoc i nhung khong tan
vao trong dung moi A. Goi g, 12 lugng chat i cdn lai trong V, lit dung dich ddu. Néng
4% ciia i trong dung dich niy, tinh ra gam/lit Ia :
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A_B
|_VA

 Di nhién, lugng chat i phan b6 trong Vp lit dung moi B 12 g, - g;. Do 46 ndng do
(gamAlit) ciia i trong pha long nay 14 :
P = 8o — 8
Vg

Goi K I3 he 56 phan b6 cht i gilta hai pha Idng A va B. Theo dinh fust phin b6, &
T = cons( :

iy 46 :

g =g —2YA__ . (VIIL32)

D6 1a lugng chat chiet i cdn lai trong V, lit dung dich ddu sau 140 chiét thé nhat,
Téch rigng V , lit dung dich d6 (chita £, gam chdt i) ra khoi 16p dung dich B (oh¥ ding
phéu chi€t c6 khos). Bay gidy xu#it phat tir dung dich V, ndy, ta tién hanh sy chiét 14n tha
hai, ciing ding Vy; lit dung mai nguyén ch#t B bing ding I4n trude. Vi hé 56 phan bé K
khong ddi cho nén huong g, gam chdt i cdn lai trong V4 lit dung dich san 14n chiét thi
hai nay béng : '

’ 2
= - VIIL33
R AT g"[l(v,,l + VB] ¢ )

Trong trudmg hgp chung, sau 1 dn chiét, 14n ndo ciing bing mot lugng khong d8i v
ciia dung moi B nguyén chit tic dung véi lugng V, dung dich tich rieng sau méi 14n
chiét, thi lwong g, gam chét i cbn sét Iai trong dung dich As€la:

KV,
= — VIII.34
) o
T 46 suy ra luong ch#t d& chi¢t ra duge sau n ln chiét :
(=80 0= go]1-[—5YA_) viL35)



CHUONG IX |
DUNG DICH Li TUGNG VA DUNG DICH THUC

§1. DINH NGHIA VA THUOC TINH
CUA DUNG DICH Li TUGNG

- 1. Nhimg céch khac nhau djnh nghfa dung dich ii tuéng

a) Dinh nghia dung dich li tudng theo 3 tiéu chudn.

O chuong VII, §5, ta da dinh nghia dung dich 1f tudng (hay hoan
chinh) 13 dung dich thod mdn 3 diéu kién (hay tieu chudn) sau & moi
thanh phén : '

) V=Zn;VP :2) U=20;UP;3) S = Zn; (S — Rinx;)

Ba diéu kién d6 din t6i : '

Vi=V:Ui=UP  Hi =HY; Cp, =C%y, §i =8¢ - Rinx; ;

Gi =G? + RTdnx; ;1 = Gj = ¥ (T,p) + RTinx; , v.v...

b) Dinh nghia dung dich If tudng theo tiéu chudn diy nhdt vé the hod
hoc. C6 thé slt dung tieu chudn duy nhét vé the hos hoc dé dinh nghia
dung dich i tirdmg nhu sau :

Dung dich li tuong (hodn chinh) 1ad dung dich trong dé thé hod hoc 7
ciia mot cdu tir i bdt ki nghiém diing hé thitc sau & moi x;:

W = uf (T,p) + RTinx; - (IX.1)"

C6 thé chimg minh ring n€u mot cfu tir i ndo d6 thod man (IX.1) &
moi X; thi tit ca c4c cAu nr khic trong dung dich bt budc cling phai thoa
mén (IX.1) & moi thinh phén. Nhu vay diéu kién di dé cho mot dung
dich 12 If tudng 13 th€ hod hoc ciia mt cfu tif i ndo d6 nghiém ding
(IX.1) & moi X;.
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D6i v&i dung dich & trang thdi ngung tu (16ng hoic rén), inh hudng
chia 4p sut vao th€ hod hoc khong giong nhur d6i v6i khi : anh hudng d6

bé hon nhiée. DSi vé6i i trong dung dich 16ng hoic rén, the hod hoc u; va

do d6 s6 hang (T, p) phu thudc chi y&u vao T, rit it vao p,-do d6
 trong sy gdn ding thit nhét, c6 thé bd qua anh hirdng clia 4p suit.

T (TX.1), ¢6 thé suy ra moi thudc tinh khic cha dung dich li twdng. Thi du, vi
RTinx; khong phu thudc vio p nén t¥ (IX.1) suy ra

ép op
Nhimg '(3u® /3p)y = (3G /3p) = VP = thé tich mol cia i nguyén chit va theo

(VIL33) (Buifdp)y = Vi = thé tich mol riéng phén clia i trong dung dich. Vay Vi =VP,
AVM = 0, AVi = Ty (Vi = V°) =0, vov...

¢) Pinh nghia dung dich li tudng theo quan diém phdn ti. Theo
nhitng quan diém thong ke, dung dich Idng (hoic rdn) € 1a li trong,
nghia I3 thé hod hoc J s& thod mén (IX.1) v6i mei x; khi twong téc gifta
cic phan tir cing dang va khéc dang ciha céc cfu tir déu bang nhau &
khdp moi diém trong dung dich, tic 1a khi tdt ca céc phan tif déu c6
trudng Iyc nhy nhau. Thi dy, d6i véi dung dich 2 cdu tu A vi B, ning
luong tuong tic E gitta cdc phan tir cling dang va khic dang phdi hoan
toan giong nhau, E5_ = Eg-g =Ea-p-

N6i chat ché thi khong mot dung dich thic nao ¢6 chinh xéc nhing thude tinh ciia
dung dich if trimg, ma chi ¢6 thé dat gan 6i didu kién 1f tzdng & mac 46 n2o d6. Nhimg
dung dich 15ng dat khd 6t diéu kién i tudng 13 nhimg dung dich m2 cdc cffu 1t cha nd

¢6 ciu tao phan t vA nhing thudc tinh vat I va hod hoc ging nhau hoac it gén nhau.
Thidy:

1) hén hop nhitng ddng phan quang hoc ;

2) dung dich nhitng cu tir chi khdc nhau vé thinh phan déng vi nhu H,O + D0 ;

3) ding dich nhimg ch#t déng déng canh nhau nhu benzen + toluen, hexan + heptan,

" dibromopropan + dibromoetan v. ...

d) Pinh nghia dung dich li tudng theo dinh ludt Raun. D61 v6i dung
dich ldng Ii tudng, Vi 4t ca cdc phan t&r déu ¢6 truomg lyc nhu nhau cho
nén tinh chét ciia mdi phan tir trong dung dich 1i tudng khong phu thude
vao viéc né duge phan b6 giita nhimg phan tir nko. Vi vay, kha ning clia
phan tir i trong viéc chuyén tir dung dich li twong sang pha hoi phai
giéng nhu khi cfu tir i & trang thai 16ng nguyén chat (& cing T vap
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ngoai nhu nhau). Khé ning d6 chi phy thudc vao lugng wong d6i clia i
trong pha 1éng. Do d6, su chuyén i tir dung dich sang hoi, do bdi hoat dp

f, cha n6, s& cang 16n n&u do chifa twong ddi cua i trong pha léng cang
16n, tic 1 f; cha i trong hoi phai ti 1¢ véi néng d6 phdn mol x; cua i trong
dung dich long, nghia 1a f; = k;x;, k; 1a he s6 ti 1¢. He thitc nay phai ding
véi moi x;, ké ca x; = 1 {cu 1 i nguyén chét). Tir d6 suy ra gid tri cia hé
sGtilek=f’ va: |

f, = f x; _ (IX2)

D6 1 bidu thic cha dinh ludt Raun tong qudt (doi khi cling goi 12
dinh luat Raun — Henry tdng qut hap nhat). _ '

Nhu vay, c6 thé dinh nghia dung dich 1dng li tudng la dung dich ma
mot cdu tir i bdt ki ciia né tudn theo triét dé dinh ludt Raun 16ng qudt ¢
moi nong do.

Chi cdn mot cfu tif i nao d6 tuan theo triét dé dinh juat Raun & moi
néng do 1a dit dé cho dung dich 1a If twdng bdi vi 6 th€ chimg minh rang
khi d6 céc cdu tir khic cia dung dich bét budc cling phai tuan theo triét
dé dinh luat Rain & mei thanh phin (xem §3).

2. Ap sudt hoi bio hod clia dung.dich 1éng 1i tudng .

Gié thit hén hop hai chdt 1ong 1 va 2 T dung dich léng If tudng.
Trong trudng hop chung, gia thiét ci hai ciu tir déu bay hoi. Néu ép sust
hoi ciia chiing 13 it bé dé pha hoi can bang véi dung dich c6 thé coi 13
hén hop khi 1f tudng thi khi d6 hoat 4p tring v6i 4p sudt rieng phan,

fy = p; va f; = p,. DGi v6i dung dich 16ng 1i tréng, nhitng 4p suit riéng
phin nay phai tuan theo tri¢t dé dinh luat Raun & moi néng 49 :

P = Px = pj (1~ X2) (IX.3)
P2 = P2X2 ’ (IX.4)

Nhu vay, py va p, déu la haﬁl bac nh4t ciia thinh phin ciia dung dich
Iong, bidu thi bing phin mol x, ciia ciu tir 2. Duomg biéu dién cia
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- ching trong gidn d6 4p sust —

thanh phéin cla dung dich léng
: ~ (hinh IX-1) la nhing dudng
N thing, do d6 v& nguyén tic chi
cin duge xic dinh bdi 2 diém 1a
du, thi dy d6i v6i x, = 0 (csu tir t

ﬁguyen chit) va x; = 1 (cdu tir 2
L "~ nguyén chét).

0 0,5 1 . - L
(toluen) {benzen) Ap sudt hoi toan phdn cia
dung dich bing :

T=const

p01 pz

~*X (benzen)

— _ O o
Hink IX-1. Sy phu thudc dp sudt hoi rieng P—p] +P2= pr-x2)+p2 x5
phin va todn phén vao thanh phén )
dung dich 1dng ) tuimg P=pf +(p3 -pP) x; {IX5)

_ Vay 4p sudt hoi toan phén cha
dung dich long ! twdng ciing 12 ham bac nhit céa x, va ciing biéu thi
bing mot dudmg thing (hinh IX-1). ' '

§2. DUNG DICH THUC. SAI LECH DUONG VA AM
‘SO VOI BINH LUAT RAUN

1. Sai lach duong va am so véi djnh lujt Raun

Dgi véi dung dich thuc (khéng li tudng), dp sust hoi riéng phén p
(n€u hoi 12 I tudng) hoic hoat 4p f; (néu hoi 1a khong 1f twmg) 6 nhiing
gid tri 16n hon (sai lech duong) hosic bé hon (sai léch dm) so v6i nhimg
gid trj tinh theo dinh lugt Raun. '

- @) Hinh IX-2 trinh bay nhimg dudng ding nhigt (dudmg cong nét
lién) bi€u dién sir phy thudc 4p suft hot rieng phén va todn phin vac
thanh phin ciia dung dich benzen—axeton 1a mét trong nhiing he ¢6 sai
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léch duomg vé &p sust hoi so v6i dinh luat Raun. Nhig dudng thing
chdm chim g v4i trudmg hop néu dung dich 13 If tdng.

Chi ¢ ring phia bén trdi
gian d6 12 vang dung dich
lodng axeton trong benzen.
O day, d6i voi X, bé,
‘benzen déng vai trd 1a dung
moi ¢6 dp sult hoi p; tuan
theo dinh ludt Raun trén mot
khic dudng nhé  (phin
dudng cong 4p sudt hoi p
‘cha benzen tring v6i dudmg
thdng ch&m chdm) (hinh
1X-3), con axeton I c_ha't

tan, 4p suft hoi p, cha né

t=25°C
250
200 ==
150 . el
1--- 1"t
100 &1 T .-
:"'-__‘""‘
50 "f‘ = "-‘:‘::':\
0 W~
0 02 04 08 08 19
CeHs {CH3),CO
—— Xy

Hinh [X-2. Ap sufit hoi trong hé benzen —
axeton (sai l&ch duong)

tuan theo dinh ludt Henry, py = Payeron = KXgxeron (dU0ME cong dp sudt
hoi p, clia axeton ¢ d6 1a mot khtic dudng thing).

O phia phai gian d6
cling c6 mét ving dung
dich loing benzen trong
axeton. O day d6i véi
nhimg néng d6 bé cua
benzen (x; < 0,1) axeton
déng vai trd 12 dung moi,
&p sudt hoi p, cita n6 tuan
theo dinh Iust Raun (phin
dudmg cong p, cla axeton
tring v6i dudng thing
chdm chdm) con benzen
dong vai trd 12 chét tan, 4p

sudt hoi p; cha né tuan
‘ theo dinh luat Henry.

p

I

viing dink luat
Raun

- -

//)<’vizng dinh Iuat/

Henry ~.

—  X(CH,),CC

Hink IX-3. D¢ minh hoa vimg dinh luat Raun

vi ving dinh lugt Heary trong he
benzen ~ axeton (sai Iech duong)
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=17°C
400 :
300
L) "‘ "
jE: 'a" ‘l'
E_ 200 - " S 7
j=Y - .——*’:/
100 “—",' _ :
0 0,2_ 04 08 0, 1,0
CHCl- (C2H5)20

__'_..x2

Hinh IX-4. Ap sufit hoi trong he clorofoc-ete

etylic (sai lech am)
600 1=25,2°C
500 ) /-_"N\\

400 /

:E’ / __‘,...—:,'
E 300 P
o
200
o N
0 s
0 02 04 06 08 10
(CH;),CO s,
— s,

Hink IX-5. Ap suslt hoi trong heé axeton—cachon
sunfua (sai l&ch duang cé cic dai).
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D6i v4i nhing hé c6 sai
lech duong, & nhitng ving
dung dich lodng, 4p sust hoi
ciia chét tan I6n hon so véi 4p
sudt tinh néu dung dich la Ii

tubng (k > p3).

b) Hinh IX—4 trinh bay
gian d6 dp sufit hoi — thanh
phin d6i véi hé clorofoc—ete
etylic 12 he c¢6 sai léch dm so
v&i dinh luat Raun. Nhimg viing
dung dich lodng 14 kha 16 d6i -
véi XcHer, < 0.05 va d6i v6i

Xete < 0,1. O nhiing vimg d6, 4p
sust hoi ciia chat tan bé hon
S0 v8i dung dich 1i twéng

(k< p3).

¢) Cé nhilmg hé ma sy sai
léch so v&i dinh luit Raun Ia
di Ién, lam cho dudmg cong
ap sudlt hoi toan phéin ¢6 cuc
dai (hinh IX-5, hé axeton —
cacbon sunfua) hodc cuc tidu
(hinh [X—6, h¢ axeton — clorofoc).

Ap suft hoi bdo hoa ciia
nhiing c&u tir 10ng nguyén chat
ma cang gin nhau (& cing nhiét
d0) thi nhimg sai léch nhd vé
phia duong ciing nhr am so
vdi dinh luat Raun 12 da c6 thé
lam xudt hién cyc dai hodc
cyuc ti€u trén dudng bi€u dién
dp suflt hoi toan phén cia he
theo thank phdn ciia dung dich. .



' d) Nhimg dung dich ¢6 t=35,17°C

sai léch duwong vé& ap suft 380

hoi thudng hdp thu nhiét 200 \x

khi chiing duoc hinh thanh N

tir nhitng cdu tr nguyén 950 T P
chit, néi cach khac, nhiét 4
hinh thaph dung dich ¢6 . 200 ,r'/

dfu duong (theo quy uéc \ A

vé dfu trong nhiet dong T 10 S

luc hoo). Trdi lai, ddi véi & AN N,

dung dich ¢6 sai léch am, 100 '_,:" 2B\ ~

nhiet hinh thanh dung dich T oLt /T N %
thuong c6 dén am, tic 12 S AN
sy hinh thanh dung dich 0 W . K
nay tod nhi¢r. N6i chung, 0 02 04 05 08 10
dfu cha sai lech so véi (CH,).CO CHCl;
dinh luat Raun va ddu coa ¥ X

nhiet hinh thanh dung dich | CHCly

thudmg tring nhau. Hink IX-6. Ap susit hoi trong hé axeton—clorofoc

(sai lech am ¢6 cuc tidu)

2. Nguyén nhan. Néu nhitng phan tir A va B trong dung dich hit nhau véi luc yéu
hon hc hit gidfa nhimg phan tik A v6i nhau hodc B v6i nhau thi dT nhién chiing i bd pha
1ong d€ chuyén thanh hoi tiong d6i d& dang hon 5o v&i nhilmg cu tis 1dng nguyen chat,
do d6 gly ra phimg sai léch duong vé 4p sudt hai so véi dinh luat Raun. Trubng hop dé
thudmng gap khi 6 sy khac nhau 16 16t vé dp sual ndi hoac vé tinh phén cuc clia hai cau tir
léng, thi dg nhur khi hod tan mét chét cé cuc vio mot dung mdi khong cuc (trubng hop
axeton trong CS,). Vi sy réi xa ahau clia nhitng phin tir A hodc B rong qua trinh hinh
thanh dung dich doi hoi phai tiéu thy nang lugng ¥ ngoal duéi dang nhiét cho nén dung
dich c6 sai 1ech duong thudng hdp thy nhiét. Ngo#i ra, néu khong ¢6 nhitng yéu 16 khic
lam phitc tap thém thi sy hinh thinh loai dung dich d& 6 thé 6 kém su dng thé tich do
chd cic phan tit & xa nhau hon so vi khi ching & trong céc cfu tir 10ng nguyen chit (tuy
phién, diéu nay chua thinh mot quy tac 1d rét).

Néu nhilng phia tir A va B trong dung dich hit nhau v6i nhitng iyc manh hon luc hit
gilta A vGi A hodc gilta B v61 B trong c4u tir 1ong nguyén chét thi kha ning chuyén
chiing tir dung dich 16ng lén pha hoi 52 giam di, do d6 c6 sai féch dm vé dp suft hoi so
v6i dinh lust Raun. Sy lai gin nhaw hon cha cdc phan v trong dung dich gidi phéng ning
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lugng tda ra ngoai duéi dang nhiét, do d6 nhiét hinh thinh loai dung dich nay thudmg cé
ddu 4m (tod nhiér). Trong mot s6 trwdng hop, tuong tic hit giita céc cfu tir o6 thé din 16
nhiimg qu4 trinh hod hoc (sonvat ho4, hinh thanh lién két hidro, hink thinh hgp chét hod
hoc v.v...). Nhitng tnromg hop ndy d€ xdy ra trong nhitng he ma ca hai cfu 1 déu o6 cuc,
thi dy axeton va clorofoc ¢6 thé hinh thinh Fién két hidro giifa ching v6i nhau vi tao nén
phitc hop C1,CH...OC(CH,),. Trong nhitng hé ohur vay, sy hinh thanh dung dich thudmg
tod ra nhiéu nhi¢t va dp sust hoi o6 sai lech 4m manh so v&i dinh lugt Raup.

Cdn lwu § 1 nhimg yé&u 16 gay ra sai léch duong v am o6 thé tdc dung déng thds
trong dung dich, do d6 nhifng sai léch quan sit dwgc thuimg 1a két qua 16 hgp nhiing sai
lech man thuln nhao vé dfu.

§3. HE THUC BUHEM - MACGULEXO (Margules)

1. Thiét 1ap hé thire Puhem — Macgulexo

Theo hé thic Gipxo — Puhem, d6i voi dung dich 16ng hai cdu tir 1 va
2,0T, pconst,tacéd: _ .

xld}l.l + dej.l.z =0 (I1X.6)

Vi th€ ho4 hoc cha cdc c4u tlf trong dung dich 1dng chi thay déi rét it
theo bi€n thién cia 4p sudt chung nén c6 thé 4p dung (IX.6) & T = const
d6i v6i toan bo diy thanh phén clia k¢ ma khong cdn phai ké t4i nh
hudng ciia dp sufit chung, mién 1 hiéu giita 4p sust hoi riéng phin cha
hai céiu tir phai khong qud 16n.

Diéu kign can bang giifa dung dich 16ng va hai bdo hoa ciia né 1a :
p=pp =pf = ud (1) + RTIn;

(L = pha 1éng, K = pha khi (hoi)). Do d6 bién thién ding nhiét cia
th€ hod hoc ¢é dang :

dy; = RTdinf; (T = const)
Sau khi loai b6 s6 hang RT = const, (IX.6) tré thanh :
X dinf) + xodinfy =0 (T =const) (IX.7)

tirdo:
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dinfy = —2L dinfy, (T = const) (IX.8)

X2
(IX.7) c6 thé viét :
Xy o + X3 a6 =0 (T = const) (X9
fi 173 -

Chia hai v& v6i dx; va nhé ring dx; = —dx, (Vi d6i v6i dung dich 2
cdu tiT, x| + Xp = 1) s duge )
x4 _xp df
fi dx; £ dxy
hodc :
| dfj 7ox, _ 57953 (1= const) (IX.10)
fi/x fy /%2
Nhimg hé thic tir (IX.7) dén (IX.10) déu goi 1a h¢ thitc Puhem —
Macgulexo, 12 mot bién céch clia hé thic Gipxo — Puhem (IX.6) d8i v6t
dung dich 16ng hai ciu tir. N6 cho sy lién hé don gian giifta hoat 4p riéng
phin clia hai céu tr d6i véi cic thanh phéin khéc nhau cia dung dich
16ng & T = const. Hé thiic Duhem — Macgulexo thutmg duge ding khi
pha hoi ciia dung dich c6 thé coi 12 hén hop khi I tudng. Khi d6 f = py,
fy = p, va h¢ thiic Buhem — Macgulexo s€ ¢6 nhiing dang :

xydinp + xpdinp; =0 (T =const) (IX.7a)
dinpy = — 2L dinp, (T = const) (IX.8a)
X2
d d
X bl + X9 P2 _o (T = const) {IX.9a)
™M Pz '
dp;/dx; d -
pi/dx; _ dpy/dx; (T = const) (IX.10a)

P17/ Xy p2/x;
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2. Ap dung hé thirc Buhem —Macgulexo cho dung djch i tudng

a} Nhdc vé phuong trinh béc nhdt, dang y = ax. Dao ham ciia né 13
dy/dx = a, nhung y/x = a, vay dy/dx = y/x. D6 1a phuong trinh dutmg
thang di qua g6c toa do. '

b) Ap dung. Nhu duoc biét, déi v6i dung dich 1ong 1i tudng, dudng
biéu dién p; theo thanh phan dung dich 12 mot dudmg thing di qua g6c toa
do, tifc 12 dp,/dx, '=_ pi/x;. Khi x; = 1 (céu tit 1 nguyén chat) thip, = pf
dodé: '

dpy _ps
dx; X

P
1

tit 46 p) = pyx;, d6 chinh fa dinh luat Raun. Khi he théc nay duge
nghiém ding v6i moi x; (dudng biéu dién Ia dudng thing) thi theo hé
thitc Buhem — Macgulexo (IX.10a), bt buéc ciing phai ¢6 :

d; _p _ P2

Cb(z X2 1

tiic 12 py = p3x4 . Chi cdn mot c4u tlt nghiém diing dinh luat Raun & moi
nong do 1a cdu tir th hai ciing phai tuan theo dinh luat Raun & moi
ndng do.

§4. DINH LUAT KONOVALOP (1881).
SO SANH THANH PHAN HOI vOI
THANH PHAN DUNG DICH LONG

1. Quan hé gilra &p suat hoi bao hoa va nhiét dd $6i clia chit idng

Trd lai hinh VII-1, ta thdy ring trong c4c chit 16ng dem so sdnh véi
nhau {nguyén chét ciing nhir hén hop), chit 1dng nao c6 4p sudt hoi bio
hoé cao nhat & cing nhiét 46, chat 1ong d6 s& 6 nhiét 40 so6i thap nhat.
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D6i v6i dung dich long 2 cdu tl, 4p sudt hoi toan phdn cia né phu
thudc vao thanh phan ciia dung dich, do dé nhiét do séi ciing 1a ham cia
thanh phin. Khi dp sudt hoi di qua cuc dai tai mot thanh phédn x4c dinh
nao do6 thi doi v6i thanh phdn nay, nhiét do soi cia dung dich di qua cuc
tiéu. Nguoe lai, khi dung dich c6 4p sust hoi toan phin cyc tiéu thi nhiét
d4 s0i clia né phai cyc dai.

2, Sy khac nhau giita thanh phin cua dung dich 1dng va thanh
phén hdi béo hoa cua né. Bjnh luat Kénavalép

a) Pha Iong la dung dich Ii tudng. Pha hoi la hén hop khi If tudng.
Goi x| va x; 1a phdn moi cia cdu tir 1 va 2 trong dung dich léng, y; va
¥2 1a phin mol cita chiing trong pha hoi c4n bing véi dung dich long &
T = const, p; va p, la 4p su4t hoi riéng phén clia chiing trong pha hoi. Ap
~ sudt hoi toan phén ciia dung dich 1a p = p; + p,. Ta'c6, d&i v6i pha hoi :

P1=P¥1s P2=P¥2
Mat khdc, vi dung dich idng 1a 1i tuéng, nén c6 dinh luat Raun
P1 =PI 3 P2 = P2X2
do dé:
Yo P2 _P3%3yo.._ Y2ivi P} (IX.11)
Yi, »1opPxy  xalxp pf
Hé¢ thic ndy cho thdy :

1) Néu p§ =p{ thi y,fy, = x,/x,, nghia 12 d6i véi dung dich If tudng
<lia 2 chdt 1ng 1 va 2 chi khi nao dp sust hoi bao hoa clia ching & dang
nguyén chét bang nhau (py = p3) & ciing nhiét do thi thanh phin pha
hoi méi bang diing thanh phdn cia dung dich & moi nhiét d6. Trudng

hop d6 rat hi€m, thi dy c6 th€ gip & hén hop 2 chit long déng phan
quang hoc. Khi d6 4p suét hoi toan phén clia dung dich & T = const 1a

héng s6 va luén-luén bing p{. Thuc vay :
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P=Pp;+ P2 =p{x) + p3xz = pl (X1 + X2) =p}
(Vi pf =p3 vix;+x5=10).

| Pudng biéu dién cla p trong gidn d6 p — x 1A mot dudng thing
ngang, song song voi tryc X. Nhiét do soi ctia dung dich dé (& p = const)
ciing 1 hing 6.

2) Néu p = p? thi thanh phin pha hoi s& khic thanh phin dung
dich 16ng. Gia thi€t c&u tir 2 d& bay hoi hon cu tir 1, tic 13 p3 > p{
(kbi them né vao dung dich lf tudng né s& lam tang 4p suét hoi todn phdn
cia dung dich). Khi d6, theo (IX.11) :

Ly X
Y2 X2

Y X1
Két qua nay din t6i dinh luat quan trong goi 1a dinh ludgt Kondvaldp
thiz nhdt, do nha bic hoc Nga . P. Konovalop (1856 — 1929), hec trd

cla D. 1. Mendeéleep, khim phd ra nam 1881. Dinh ludt Kon6valop thit
nhét ¢6 thé phét biéu '

Trong dung dich hai chdt Idng, pha hoi so véi pha long cdn bang voi
né sé tuong déi giau cdu t¥ nao ma sy thém cdu tu dé vao dung dich &
nhiét d¢ khong ddi lam tdng dp sudt hoi todn phdn cia dung dich, titc 1d
lam gidm nhiét do soi ciia dung dich tai dp sudt dd cho. '

b) Pha Idng la dung dich khéng N tuong, pha hoi g hon hop khi li
tuong. Khi pha long la dung dich khong 1i tudng, thi khong cé hé thiic
tdng quét c6 dang don gian (IX.11) nhu d6i vdi dung dich 1i twdng. Tuy
nhién, dinh lnat K6névaldp I vin ludn luon ding. Ngoai ra, trong mot s6
trudng hop, c6 thé cé thém dinh luat Konovalop 11 (khong c6 dinh luat .
Koénovalop I déi voi dung dich 1i twdng ; chi dung dich khong 1f tudng
mgi o6 thé ¢6). Ca hai dinh luat déu do D. P. Konovalop tim ra nam 1881.

D6i véi dung dich khong 1i tudng, cé thé thiét 1ap ca 2 dinh luat
Konovalop mot cich don gidn dya vao hé thic DBuhem — Macgulexo
(IX.10a) trong d6 ta thay x; béng 1-X, va thay dx; bang dx; = —dx, &
T = const : '
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dpy/dx; _ dp;/d(1 -x5) _dpy/dxs

P1/x%y /(1 - x3) p2ixy

tc Ja:
dp; __dp2 1 _X2
S d(l-xp) dxp p2 1-Xz
Chii § ring 4p sut hoip; va p; ti 1¢ v6i phdn mol trong pha hai, tire
lap/py=yifya=(1 - ¥2)/¥,. do d6, h¢ thifc rén c6 thé viét :

dpp _ _ 92 X2 1-yo
dX2 : dX2 l—Xz b i)

Tt p =pj + p, suy radp =dp, }dpz.Chia2yEcﬁad5ngthﬁcniyv6i
dx, va thay dp,/dx, bing biéu thic trén s& duge :

dp _dpp |, (X2 =¥
dx, dxy 1-x5  ¥2
Nhwmg :

[l_(_xa_ 1:.}2)] (=K —xp-yy) _

1-xy ¥2 (1-x2)y2

_Y2-Xa¥p—¥p+Xp¥y _ Y2~ X2

(1 - x2)y2 T (1-x2)y2
do dé6:
| dp _dp; _y2-Xp (T = const) (AX.12
dx; dxy (1-X3)y2
Tix hé thiftc nay rit ra 2 k& luan :

1) Né (dp/dx,) > O thi bt budc (dpyfdsy) > O Vi khi thng x, (ther
dén c4u tir 2 vio dung dich 16ng & T = const), p; c6 ting thi p toan phés
méi c6 thé ting dugc. Khi §6, theo (IX.12) phai c6 y, > X, (b3i vi & miy
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s8¢0y, >0va (1 - X3) > 0). Nhu vay Ia da thiét lap duge dinh ludgt
Konévalop 1 doi véi dung dich Iong khong Ii tuong, phdt bidu nhw sau :

D6t voi dung dich Iong Ii tuong ciing nhu khong Ii tidng, pha hoi so
véi dung dich iong cdn bang véi né luon luon twong déi giau cdu tir néo
md sy thém vdo dung dich Iam tdng dp sudt hoi toén phan cia hé & nhiér
dg khong doi. _
.- 2) Néu (dp/dx,) = O thi vi (dpa/dx;) = 0 v (1 — x,)y, # 0 cho nén

theo (IX.12) phai ¢6 y, = X3. Khi x4y dung dudmg bidu dién p =1(xy), tai

nhilg diém X nao ma (dp/dx,) = O thi tai do, dudmg bidu didn phai di
qua cye tri (cyc dai hodc cuc tiéu). Theo két qua vira riit ra thi tai nhimg
di€m cyc tri d6, thanh phén pha hoi phai bing diing thanh phdn pha long
can bang véi 16 (y, = x,). Diu nay cing phai xay ra tai nhilmg diém
tmg v&i cuc dai hay cuc tiéu tren dudng cong nhiét d6 soi ciia dung dich
‘theo thanh phén dung dich (bdi vi cuc dai vé 4p suat hoi cha chit 1ong
tng véi cyc ti€u vé nhigt do soi ciia n6 va nguoc lai).

Keét qua d6 din t6i dinkh Iugt Koénévalop 11 d6i vé6i nhimg dung dich
khong 1f tudng nao ma 4p suat hoi toan phin c6 sai léch duong (so véi
dinh luat Raun) t¢i mifc ¢6 cuc dai hoic ¢6 sai lech am 5i mic cé cuc

ti€u. Dinh Juat Konovalep 11 phat biéu nhu sau -

Diém cye dai hay cuc 1iéu trén duong cong biéu dién dp sudt hoi toon
phén (hodc nhiét dé s6i) ciia dung dich theo thank phdn ciia dung dich
lng voi nhitng dung dich cé thanh phdn bang thanh phdn ciia hoi cdn
bdng véi né.

Nhimg dung dich nhu thé goi 12 dung dich ddng phi.

3. H8n hep déing phi. Dung dich hoac hén hop ding phi con duge goi la idn hep
s6¢ khéng doi (azeotrope, 1ir nhimg chit Hilap Zeo = s6i, a = kh6ng va trepos = thay déi),
nghia §a nhitng hén hop 16ng d6 s6i & nhi¢t d6 c6 dinh, khong ddi, gidng ahu chit long
nguyén chdt (di nhién dudi 4p suat khi quyén ngodr khong ddi). Khi cit nhitng han hop
dang phi thi ta thu dugc ngimg dich o6 thanh phin gidng hét thinh phin hén hop d6. Do

d6, vé nguyen tic, khong thé ndo tich duoc hoan toan nhitng cfu tir ciia hdn hop ding
phi bing sy c4t “ddng 4p”, nghia Ia 4p sust khéng déi.

Déi vai hén hop didng phi, khi lam thay ddi 4p sudt thi khéng nhiing nhigt d6 soi thay
déi, ma ci thanh phén ciia hén hgp ding phi ciing thay ddi, didu nay ching to hén hop
ddng phi khong phdi la nhitng hop chdt hod hoc 6 thanh phin xic dinh nhy truge kia
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ngudi ta tedng 1m (dusi nhitng &p sust khic ahau, nhitmg hop chit xdc dinh s0i & nhitng
nhiét d6 khic nhau nhumg thinh phin ca ching khong thay déi). '

Thi du dién hinh vé hén hop déng phi 1k kdn hop nuéc rugu etylic C,HsOH, hén hop

" ndy s0i & ¢ = 78,15°C (cyc tiéu nhiét do s0i, V1 nhiét do soi clia nudc nguyén chat 12

t = 100°C vi ciia rugu etylic nguyén chat la t= 78,3°C) tai 4p suft khi quyén ngodi 1atm,
{mg véi thanh phén ding phi 1a 95,57% khdi luong C;HSOH, tic 12 89,4% mol C;H;OH
trong hén hop ding phi. Thanh phdn ddng ph clia hdn hop ding phi nuéc — rugu etylic
thay d&i theo ap sudit nhu sau ;

Ap suft, atm ‘1,00 05 025 0125

% mol C,H;OH 294 91,5 94,1 997

titc 12 thanh phin ding phi chuyén dich dfn v& phia nrou etylic nguyén chift khi l1am ha
thép dén 4p sudt. Bing cich d6 c6 thé thy dugc nrqu etylic thyc € nguyén chat. Tuy
shi¢n phuong phép ndy khong kinh 1€, : : '

Cu6i ciing, vé hdn hop ding phi, ta c6 thé dua ra shan xét sau ddy : Hén hop ddng
phi 1d hén hgp o6 sai léch 16i da so voi tinh li nedng ma vdn bdo toan duge tinh tan hodn
todn vao nhau theo bdt ki tl 1¢ ndo ciia hai cdu it Iong ; mot sai 1ech nhd, phu thém, 46i
véi tinh If tdng, s& 1am cho hdn hop tdch ra thanh hai I6p 1ong riéng & (hién tugng chia
{ép), titc 12 13m xudt hién nhitng viing c6 tinh tan han ch€ cha hai c4u tif 16ng. :

4. Gian d6 ap suat —thanh phén, nhiét 85 sdi — thanh phén. Hinh
X7 trinh bay gidn dé 4p sudt hoi toan phdn ciia dung dich theo thanh
phin (cot A), gidn d6 nhiét do soi — thanh phin (c0t B) va gidn d6 y, — x5
v& quan h¢ so sanh giifa thanh phdn pha hoi va pha 16ng (cét C) d6i véi
nhitng trudmg hop khéc nhau nhu sau :

Hang I — Dung dich Ii tdng ;

Hang I — Dung dich khong 1i tudng c6 sai lech duong vé 4p sullt hoi
chura t6i mifc c6 cuc dai ; _

- Hang HI — Dung dich khong If tudng c6 sai l¢ch 4m vé ap sudt hoi
chura t6i mifc ¢6 cuc tiéu ;

Hang IV — Dung dich khong: If tudng <6 sai léch duong 16t mifc
cuc dai 4p suit hoi va do d6 co cuc tiéu nhiét 46 soi.

Hang V - Dung dich khong If tong c6 sai lech am 16i mife c6 cuc
tiéu 4p sufit hoi va do d6 co cyc dai nhigt 40 sOi. :

Cot A 12 nhiing dudng d3ng nhiét vé 4p sust hoi toan phin cia dung dich theo thant
phdn dung dich (dudng nét lién p — x,) va theo thanh phin ctia hoi (dudng chfm chan
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P~ ¥y). Thanh phin dung dich 13ng biéu thi qua phén mol x, ciia c&u tir 2 va thanh phén
cha hoi biéu thj qua phdn mol y, ciia c&u tir 2 trong pha hoi déu durge ghi trén cing mét
tryc hoanh. Chii ¥ ring hai dudng p ~ x; va p — y, bao gid ciing gap nhau tai hai ddu
mét pY va pJ éng véi cfu 67 1 va 2 nguyén chét : thanh phin pha I6ng va hai cha cing
mét chét nguyén chit bao gi¥s ciing bing nhau.

Ciing chd ¥ ding dudng p-y, (chém chdm) bao glb ciing & dudi dudmg p — x, (nét
lién). Dutmg ding nhi¢t p—x, goi 12 duong Iong (tikng La Tinh tquidus = duding 1dng).
N6 14 bien gi6i ciia ving pha 1ong ddng thé & trén né. Dudng ding nhiet p - y, goi
12 duomg hoi hay duong siong. N6 12 bien gidi clia ving pha hoi d6ng thé & dusi n6.
Ving ndm giiia dudng Long v dudmg hoi 12 vimg di thé c6 hai pha 19ng va hoi tén tai
déng thoi. -

Chit ¥ ring dudng p — ¥, bao gid ciing [a mot dudng cong, di ring dudng p—X, tuong
tmg v6i 06 o6 thé 12 dudng thing (tnrdng hop dung dich I admg).

Cot B 12 nhiftng dudmg déng dp vé nhi¢t do bit ddu s cba dung dich theo thinh phin
dung dich (dudmg nét lidn t—x;) va theo thanh phin clia hoi (dutmg chéim cham t=y,).
Thanh phén dung dich 1dng (x;) va thank phdn hoi (y,) duoc ghi irén cﬁug mt trye
hoanh gi6ng nhu trudmg hop nhitng gidn ¢3 thude cot A.

Chil ¥ khi chuyén tir cdt A sang B thi quan he bi d3o nguge. Cau tir | nguyen chit c6
4p sust hoi béo ho thep thi c6 nhiét 49 s6i cao cdn ciu ti 2 nguyen chit ¢é 4p sust hoi
biio hoa cao thi ¢6 nhiét do s6i thep (5 cée gidn d6 ten hinh 1X—7), cfu tit 2 [ubn ludn
dugc gia thi¢t 1 cfo tir cb 4p suﬁt hoi biio hod cao). Puding 1y, (thanh phén hoi, duémg
chi&m chim) ludn & trén duémg t-x, (thanh phén dung dich ¥ng, duimg nét li€n), Dudmg
U - X, 12 ducmg Iong, bien gi6i-cha viing pha ldng déng thé & dudi n6, con dutmg t-y, 1a
ducmg hot hay ducmg swomg, bién gidi cia ving pha hoi ddng th€ & irén né. Ving ben
trong dudmg 16ng va dwdmg hoi 1a vimg di thé hai pha ng v hoi cin bing véi nhau.

Diém cyc dai tren dudng cong 4p susft hoi dng v6i cuc tiéu trén dudng cong nhiet do
s0i v nguoe lai. Tai nhing didm d6, theo dinh luat Kanovalop I1, dung dich 1dng va hoi
bao hoa ciia n6 c6 thanh phédn bing nhau, x, = y, (dung dich ding phi). Néi csch khic,
tai nhitng diém d6, dudng nét lién (thinh phin dung dich ldng) va dudmg chém cham
(thinh phén hoi) phii gip nhau.

Déi véi gidn d6 nhigt 4o soi — thanh phdn (cot B) cdc dudmg t—x, (nét lidn) vi -y,
(chdm chim) déu 12 dutmg cong (k& cd trudmg hop dung dich Ii twdng. T cé chi ¢6 3
dang gian d6 nhigt o 50i — thanh phén, dang thi ohét 1 mét hinh thoi khéng <6 cyc tri,

ing vdi 3 hing déu [, 1T v I, dang thi hai, éng véi hing IV 6 cyc tiéu v dang thit ba,
Umg v&i hang V, ¢6 cuc dai.
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Hinh IX-7. Nhitng dang gidn 6 khéc nhau vé can bing 1éng — hoi
& hé 2 chat ldng hod tan hodn todn vao nhau khdag han ché.
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§5. SU CAT HON HOP HAI CHAT LONG

Kha nang tich dung dich thanh nhilng ciu tir ciia né nhd chung c&t dya chi yéu vio.
sur khéc nhau vé thanh phén can bing ciia pha 1dng v& pha hoi.

1, C&t phan doan

So d6 nguyen thc cdr

Phdn doan tinh bay teén hinh
IX-8. H8n hop Idng ban diu
‘thinh phin x; 50i & diém L,
cin bing véi luong hoi nhé
diu tién H, thinh phén y,. Sy
ngung ty tit cd lugng hoi nay
cho luong nhé ngung dich
diu tien L, thanh phin x, = y,.
Dem cft ngung dich nay lin

thit hai, thu lugng nhd hoi ddun

titn H; ciia nd, thanh phén y,
8 lai 1am ngung ty 14t ci
lugng hoi ndy, duge lugng
nhé ngung dich thi hai L,
thigh phin x, = y,. Dem cit
ngung dich ndy l4n thit ba, v.v...

o X
A

Hinh [X-8. Nguyen t&c c4t phan doan hén hop
2 chit 1dng

ot the 1i€p tee mai, cusi cdng thu dwge mot lugng nhé ngung dich chita cfu 1& B (d& bay

A
_jj‘_':‘::-.._ H'1
Ll1 M - .~
L] ~
: ,C ) \“ Hl2
L2 b .
[ . N | __._\_‘:n‘H'S
Ly .
0 X'1 X2 x3 X4
A

Hinh IX9. C#t phan doan

hei) nguyén chat. Nhur vay,
cdt phan doan 12 sy lap di lap
lai rdt nhiéu l4n nhitng dong
téc so cAp hod hoi vA ngung
m, Méi dong tic hod hoi va
nging tu duge phin dnh trén
gidn d6 bing mot bac thang,
thi du L, H, L,.

Trér lai hén hop léng ban
d4u, vi né mét mot fuong nhd
hoi H, nén didm bidu dién
clia né dich sang bém trfi .
diém L; mot it, thi dy L,
(hinh IX-9). Sy c4t phan



doan ti€n hanh d6i v6i chét 1ong L, bing dudmg bac thang L, Hy L, H; L;...ciing
s¢ cho mdt lugng nhd B nguyen chat cong thém vao lugng nhé déu tién da thu duge theo
dudmg bac thang L H,L,H,L;Hs... (trén hinh IX-9, dudng nay ghi bing nét lién). Chat
16ng L, trd thanh L, &bén tréi L, mot ft. Nh cat phan doan né lai cho mdt Iwong nhd
B nguyén chst. Nhu vy lugng ciu tir ndy ddn dfn ting 1&n trong khi diém bidu dién ciia
cht 16ng ban ddu chuyén dich dfn vé diém 15, ngha |3 binh cat ban du cudi ciing s&
chita chit 1ong A (kb6 bay hoi) nguyén chat. Cing bing céch d6, nthimg phén ch#it long
Ly Ly, Ly, Ly... cling chuyén dich dfin vé phia diém 15, va ciing cho A nguyén chit.
Nhu vay s tdch duoc hdn hop 16ng ban ddu thanh A nguyén cht & binh cft va B nguyén
chét & binh ngung hoi.

Trong sin xudt cling nhu trong phong thi nghiém, sy cit phan doan dige ti€n hanh
dudi dang mot qué trinh lién tyc trong d6 nhimg ddng téc hod hoi va ngung ty timg phin
duge oy dong héa, ngodi ra con van dung ci phuong phdp 4o Iw, nghia 13 bio dam cho
hai pha (I6ng va hoi) chuyén dong thanh hai dong nguge chidu nhau va ti€p xic nhau.
Qui trinh goi 13 tinh cdt.

2. Trudng hdp hdn hgp ding phi

Hinh IX-10 t#ng véi he c6
cue tiéu nhigt 46 s56i. Gia thi ta
xust phdt tir mot hdn hop & ben
trdi didm ddng phi e. Khi pha
long L s6i & nhiét d6 1, hoi can
bing v6i n6é cé thanh phén H,
ch¥a twong A6i nhidu ciu tr B
hon pha léng. Do d6 néu ti€p we
sur cat theo kjfu ¢4t phan doan thi
phén chét [dng con lai trong binh
cit s& ti¢n din dén A nguyen chét !
con ngung dich s€ tién toi hén i
hap ddng phi ¢6 thanh phin fimg 0 %e 1

véi didm e, t6i day hén hop ding (A) (B)
phi s6i khong thay d8i thanh — Xg

phdn nita (& ip sudt khong déi)
va do d6 khong o6 dong luc cho
sy chung cft nifa. Nhu viy khong
thé nao tich duoc holdn todn 2 cfu
Wi A vi Bcia hén hop ban ddu,

Ciing c6 thé néi tuong ty nhu vay néu hén hop ban d4u & ben phai didm ding phi e.
Pha léng L’ s6i & nhiét d6 t* va chita twong d6i nhidu ciu tir B hon hoi H' can bing véi

Hink IX-10. Gian d6 nhiét 46 s8i — thanh phén déi
véi he 2 cfu tir c6 cue tiéu nhigt do soi
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né. Do d6 phéin chét 1ong cdn lai trong binh cit s& tién ddn (3i B nguyén chat trong khi
ngung dich tién dén 16 hdn hop ddng phi e. _

V& he c6 cyc tiéu nhiét do soi o6 thé k€ hé H,0 — GH,OH ; H0 - CHCl, v.v...

D6 v6i ¢ co cuc dai nhigt d¢ s6i, 1a ciing thu duge nhiing két qui twong tr nhy trén
nhung do nguoc lai. Nhitng hé nay thudmg it gap hon he o6 cyc tiéu nhiét do soi. C6 thé
ké he H,O — HCl v he H,0 - HNO,. _

Dé t6m tit, c6 thé nbi hdn hop ddng phi €6 cuc tiéu nhi¢t 46 s6i 1a ngung dich cudi

ciing trong su cdi phdn doan & dp sudt khong d6i con hdn hop ddng phi ¢6 cuc dai nhigt
dg s6i 1a phdn con lgi cudi cing trong binh cdt trong su cdt phin dogn d6.



_ CHUONG X
PHUONG PHAP HOAT D0

§ 1. HOAT DO VA HE SG HOAT DO

1. Thé hoa hoc ctia ciu tir trong dung dich If tudng va trong dung dich
thifc nhung lodng '

Bdi v6i moi dung dich Iong, 1i tuéng hay khidng, can béng vdi hoi biio hoa cla né, &
T v2 p ngoai khong déi, néu cilu tir i c6 mit ci trong pha léng (L) v2 hoi (K) thi diéu kien
can béng 14 : .

T N X.1)

f; 1a hoat 4p clia i trong hoi ; uf (T) 12 56 hang chi phu thudc vao ban chat cia i va
vio T. ' :

a) Néu dung dich 1d I tudng, ta cé dinh luat Raun fi = £7x; v6i moi x;, do dé (X.1)
trdy thanh :

i = W (T +RTinf" + RTinx;

£ 12 hoat 4p cba i 1dng nguyén chit & cdng T vA p ngodi nhir dung dich ; vi f? chi

phu thude vio i va vao T, p, nén c6 thé gop 2 6 hang d4u v& phai ding thitc trén thanh
mot s& hang chung :

W (T p)= W] (T) + RTIn° X.2)
dodd:

M = 7 (T, p) + RTinx; (X.3)
Chd § i (T, p) 1 thé hod hoc cba i 1éng nguyén chit (x; = 1), n6 phu thude chil yéu

vio T, it it vao p. )

b} Néu dung dich 1d khéng Ii tuong nhung lodng (chinh xdc 12 vd cing lodng), dung -
mdi 1 vin tuan theo dinh lugt Raun, do dé thé hod hoc ciia dung méi vén c6 dang (X.3).

Con chélt tan i (i 2 2) thi tuain theo dinh lust Henry f; = k;x;, he s6 Henry k; = £°, né Ia

héng s8 & T, p const, tdy theo trudmg hop, kj c6 thé 16n hon hay bé hon £°. Khi d6 di
vl chit tan i trong dung dich lodng, (X.1) tré thinh : ’
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" My = W () + RTink; + RTinx;
Vi kj chi phy thugc vao i va vao T, p nén ciing o6 thé dit :

KP (T, p) = uf (T) + RTink; (X4)

Khi 46 th€ hod hoc ciia chaft tan i trong dung dich thuc va lodng ciing s& ¢6 dang
(X.3). Nhumg ' (T, p) trong (X.4) khong phdi I3 the hod hoc ciia chat tan i nguyen chat
vl khong thé ngoai suy i x; = 1. .

2. Hoat d§ va h@ sd hoat dé

D6i va1 dung dich thyc va khong da lodng thi f; 12 mot ham phifc tap
clia x;, do dé, theo (X.1), thé hod hoc p; = p?(T) + RT!nf; ciing 12 mot
ham phic tap cia x;, chi khong c6 dang don gidn (X.3). D€ bio toan
dang don gidn (X.3) cho the hod hoc p; nhu d6i v6i dung dich 1f tdng

va dung dich lodng, ta thay ndng 40 x; bang mot dai lugng mdi a; goi ka
hoat d¢ ciia i sao cho : ‘ '

Wi = WS +RTina; . (X.5)
u! 1a the hod hoc chia i & trang thii chudn (c = chudn) 12 mot trang thai
1

quy uGc ma tai d6 j; = pf. Khi d6, t¥ (X.5) suy ra a; = 1. Vay & trang
thdi chudn, hoat d¢ ciia | phdi bdng don vi.

Dua vao (X.1) c6 thé viét, d6i v6i trang thai chuén ciing nhu d6i véi
bat ki trang thdi caAn bing nao khic :

u = u (D) +RTinff
Lay (X.1) trir di phuong trinh nay, s€ duoc :
f.
K — 1 =RTin —L
1

Tir (X.5) ta c6 :
Wi — uf = RTlna;
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Vay:

f_ .
o= - | (X.6)
g

Hoat d¢ a; ctia mét cdu tit i bang ti s6 giita hoat dp cia i trong hoi
bdo hoa ciia dung dich va hoat dp cita i & trang thdi chudn & cungT va p
ngodi nhu d6i voi dung dich. _ :

Midc d6 sai léch clia i trong dung dich thyc so vé&i nhimg dinh luat vé
dung dich i tudmg hay dung dich loZng ¢6 thé dac trung bing hé 56 hoat
dg y; 1a ti s6 giffa hoat do va néng do ca i trong dung dich thyc :

f.
¥ = —— = —— (X.7)
. C
Xj fi Xj
3. Y nghfa ctia hoat d¢

Trong dung dich thyc, néng d¢ khong con la dai lugng dic trung day
&t cho dung dich nhu d6i véi dung dich li tudng hay dung dich loang.
Hoat d6 12 ham dugc dua ra(l)_ d€ thay cho ndng do trong dung dich
thyc. Ciing nhu néng d6, hoat dg la mot dai luong cuomg dé. D6 voi
dung dich thyc, viéc thay ndng do bing hoat do ciing gifng nhu viéc
thay 4p sust bing hoat 4p d6i vdi cdc khi thyc.

C6 thé coi hoat d6 1a mot thit ndng do hinu hign, mot thit néng do
hoat dong, mot thit ndng do da hiéu chinh ma tai do dung dich thuc dat
duge nhimg thudc tinh ciia dung dich 1 tedng hay clia dung dich loang.

Cin Iuu ¥ 12 viéc thay néng d0 biing hoat d¢ ciing nhu thay dp sudt
bing hoat dp 12 chi dwoc phép & nhimg phuong trinh déc trung cho cén
bing va suy ra tryc tiép hay gidn ti€p tir viéc str dung thé€ hod hoc ciia céc
cﬁutir.“ihidu,dﬁivdidungdichthgc,djlmluat'phﬁnbfisébiéuthiduéid‘c]ng:

= const

]

a’

(1) Hoat d¢ 12 do Liuyt (G.N.Lewis) dé ra nam 1907,
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§2. CHON TRANG THAI CHUAN

Trang thii chudn 12 trang thai ma tai d6 ; = B{ vaa = 1. Déi véi
hoat d6 va he s6 hoat d9, vigc chon trang thai chudn ciia cdc c&u tir 1 ty
¥ & mitc d6 ndo-do.

NG6i chung, nén chon trang thdi chudn sao cho khi dung dich thuc dat
duge tinh chdt cia dung dich Ii tudng hay cia dung dich lodng thi hoat
~d¢ tring v6i néng dg, khi dé hé sé" hoat dg y; = 1. C6 hai cich chon.

D4 don gidn, ta gik thiét pha hoi 1a If tudng, khi d6 £, = p, (X.6) va
(X.7) trds thash :

2= p_i (X.6a)
p' 1 -1 k'
i T =const Q e
: &
=2 =Pi (X7 e
T | oy
_ i
Tren hinh  X-1, i il S
dudng cong nét lién 1a AT !
dwmg bidu dién 4 ’
g .léu d.lf-bn ip C A B i
suft hoi p; (gia thi€t - —x;

c6sai lech duong so

véi dinh luat Raon) & Hinh X.1. Hai céch chon teang théi chudn.
T = const cia ciu tir i

trong dung djch khong I tudng theo thanh phén x; clia dung dich. Nhimg
dudmg thing chéch chim ch&m 13 nhiing dudng Raun va Henry.

- Goi p; 12 4p sufit hoi tai diém c6 néng do x, = OA .
1. Cach | chon trang théi chufin

~ Néuixirsuli urbng, nd s& c¢§ 4p suét hoi i p; tai nOng d6 img v6i OB
saochop; = pI .OB (dinh luit Raun). Djt OB = a ta dugc :
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(X.8)

al = Pi
1 0
i

P;

So sénh vdi (X.6a) ta thdy p; = p?, nghia la trang thdi chudn ciia :'
la trang thdi cua i nguyén chdt & cang T va p ngodi nhu dung dich ; a
12 hoat do cia i khi trang théi chudn cla i dugc chon nhu vay (goi 1a
cdch I). Khi d6 (X.7a) wd thanh :

(X9

(X.8) va (X.9) cho thdy a; va y; déu khong c6 thir nguyén.

D8i v6i dung dich li nuong, p; = p? x;, do d6 Ti[ =1va ai[ = x;. Néu
dung dich thyc ¢6 sai léch duong so véi dinh luat Raun, p; > p{ x; thiy; > 1
v a; > X;. Trong trmg hop c6 sai léch dm, p; < p{ x;, ;< 1 v & < x;.

Chii y khi chon trang thdi cia i nguyén chét lam trang thii chudn,
nghia 14 ¢6 a; = 1 khi x; = 1 thi tir (X.3) va (X.5) suy ra p3 = u¥(T, p),
do d6 (X.5) 1O thanh :

B; = W3 (T, p) + RTina, (X.10)

Vip, = G va 1! (T, p) = G} 12 ham Gipxo hay th€ ding 4p d6i véi
1 mol i nguyén chét, cho nén :

Gi = G° +RTina, (X.11) -

2. Cach Il ¢hon trang thai chuin

Néu i tuan theo dinh luat Henry no s& ¢6 dp sudt hoi p; tai néng do
ting v6i OC sao cho p; =k;. OC (hinh X—1). D4t OC = all, ta duge ;

.11 Pi :
L= — X.12
= (X.12)

So sdnh v6i (X.6a), ta thdy p{ = k;, nghia 14 trang thdi chudn ciia i 1
trang thdi the duge bing cdch ngoai suy dutmg thing Henry trén hinh X-1
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cho 16i x; = 1. Trong thyc 1€, i chi wan theo dinh luat Henry khi né 1a -
chat tan trong dung dich lodng. Di véi dung dich thuc, khoéng di lodng,
dic biét khi x; — 1, dinh luat Henry khong t6n tai. Do d6, trang thdi thu
dugc bang cich ngoai suy ditmg thing Henry cho t6i x; = 1 chi 1a mot
trang théi gia dinh, khéng c6 thyc. Nhung chinh trang thai gia dinh nay
lai dugc chon lam trang thdi chudn theo cdch IT. N6 thudng duoc ding
khi i 16 rét 1a chdt tan, chi tan c6 han vao dung moi (cffu tir 1) va khong
hinh thanh dung dich 1i twéng v6i dung méi. Khi d6, trang thdi chudn
cila chdt tan i (i 22) lg trang théi khong cé thuc ciia dung dich c6 nong
d clia i bng don vi (x; = 1) ma tai dé dp sudt hoi cia | bing hé 56
Henry k; cia i trong dung dich vé ciing Ioang

. Cach chon trang thdi chusn nhwr vay 1am cho hé s6 hoat do v, , theo
(X.7a) c6 dang :

a- . .x.
Yi =""l'=——-pl :—pl"

(X.13)
Xi  kixy  pixf

Déu * tig v6i dung dich v ciing lodng trong d6, theo dinh luat Henry,
pi = kix{ . He thikc (X.13) cho thiy g; vé ¥ déu khéng cé thit nguyén.

Déi v6i viing dung dich loéing tuan theo dinh luat Henry thi a =X, va
Y = 1. D1 v6i moi ving khéc, sy sai lech ciia he s6 hoat 46 y; so véi 1 s&
cho mot § ki€n vé sur sai léch so véi dinh lugt Henry.

The hod hoc ciia chat tan 2 trong dung dich khong 1i mcmg c6 dang :

Kz = p3(Tp) + RTlnay = p3 (T.p) + RThryx, (X.19)

p2 (T.p) khong phai 1 the hod hoc clia c&u tir 2 nguyén chat ma Ia th€
hod hoc cha cdu tr 2 & trang thdi chudn (khi a, = 1). The hod hoc clia
céc chdt tan i khic (i 2 2) ciing c6 dang tuong ti nhu vay.

Chii ¥ ring d6i v6i trang thdi khéng ¢6 thyc cia dung dich duge chon
1Am trang théi chudn, &, = 1, = 1, thi trdi fai, d6i véi trang théi c6 the

ciia i nguyén chét (khong phi 1 trang thdi chusin), ta 6 (x;= 1, p= p?):
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.'l’i:“f_:ai = %1 ' X.15)

3. K&t luan

DZ ket luan v2 m& rong nhing k&t qua trén, ta xét rudng hop tdng quét khi pha hoi
khéng phdi la hén hop khi I Immg Khi dé cic he thic trén vin dung, nhung phai thay p;
bing f;.

D6i v6i moi cdu tir i, chi o6 mot d;nh nghia duy nh#t vé hoat d6 cllané : a; = f; ff

Tuy nhin tuy theo cich chon trang théi chiuidn ma a; s€ nhan nhitng gid tf bing s6 khﬁc
ahau. .

Theo c:ich 1, thudmg duge dimg khi céc chit 15ng i hod tan vio nhau theo bat ki ti 1¢
nao va déng vai tré neong duong nhau trong cc thugc tinh cia dung dich, trang théi chuén
cita i Ja trang thai thyc ciia i nguyen chdt & cing T vh p ngoai nhu dung dich (f° = £).
Khi dé :

a} = —5- hoic al= DL (oéu hoi 1a If uréng)
. P
Khi cdc cdu tir dong vai tro khdng tiwemg dwong nhau, nghia 1 ¢6 mdt o 0ir 16 rét [a

dung maoi {cfu tir 1) cdn cdc ciu s khic 12 chd? tan (goi 14 cfu tir i, i 2 2), nhing cdu tir
ndy chi tan c6 han vio dung moi, thi trang théi chudn cia dung moi 1 vin theo cich 1,
titc 12 rang thdi thuc clia dung moi 1 nguyén chit.

Chi d6i v&i chdt tan i (i 2 2) khéng hinh thaoh dung dich 1i twong v6i dung mdi
ngudi ta moi chon trang théi chudn theo cdch i1 trang thdi chudn 12 trang théi khéng c6
thure ciia dung dich ¢d néng 6 cha i bing don vi m3 tai d6 hoat dp (hodc dp sulit hoi) clia

i bing he s6 Henry kl ciia n6 trong dung dich vo cling loéng (ff =k;). Khidé:

al = 5 hoac al' = % (n&u hoi 12 1{ twdng)

i : i
Nhimg gi tri ciia a; theo hai céich khic nhau chon trang thai chudn ludn [uon & vao
mot ti 1¢ khong déi, khong phu thudc vao x;. Thyc véy :
I ) al
_‘Lﬂ ﬂ = const hoic '_IT = -k—o = const X.16)
a; £ a; Pi . .

Ghi chit. DI v6i hén hop khi, ngudi ta chon trang thii chufin cha khi i I3 trang thai
chia khi i nguyén ch#it & cing T v p chung nhu trong hdn hop va ch#p nhan & trang thai
ndy £ = € =1 _

Via = £/, §day £ =1, do 46 d6i v&i khi i, a; = f; titc 12 hoat 49 ciia khi bing hoat

dp cia no.
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D6i véi khi li nsémg, hoat 4p bing &p sudt, f; = p;, vy & = p;, tic 1a kogt d¢ ciia khi If
tuong béng dp sudt cda né.

 §3. HOAT BQ VA HE SO HOAT B0 THEO
NHUNG THANG NONG PO KHAC NHAU

3 trén da trinh biy hoat d0 vi he s6 hoat do theo thang néng d¢ phan mol x. Khi i
chi tan ¢6 han vao dung moi va 15 rét la chét tan thi ngoai thang x, ngudi ta con ding
hoat d6 va hé s6 hoat d6 theo nhimg thang néng do6 molan m va néng dd mol ~ thé tich c.

Thang néng A0 x : a, = 7,.X
Thang néng 40 m :a = 'ym.'m
Thang néng d6 ¢ : a, =¥ C
Khi d6 the hos hoc p ciia cht tan o6 thé biu thi theo mot trong ba cach sau (ta ki
hidgu p thay cho g cho tién)

pw=p? + RTima, = pj +RTImx

[+]

pu= ko + RTha, = uj +RThy,m X.17
w=u¢ + RTina, = yg +RTimy c

D4i v6i mok chét tan trong dung dich & T, p vi thanh phén di cho, theé hod hoc p cla
16 chi c6 mot gid tri. Nnmg vix =m=cvd pi; # Hp, #4g chonén cdc hoat 40 a,,
ay, a. nhin dugc nhing gid trj khdc nhau ; d6i Vi Yy, Yy Y, NG vaY.

¥, 80i 1a he 58 hoat 40 thudn i, v, g0i la he s hoat 40 thue dung hay hé s6 hoat d6
molan, duoc ding phé bién cho chit dién phan trong dung dich chit dién phan, con ¥, {t
dimng hon.

D6i v6i chit tan, céch chon trang thdi chufn trong thang m hay c ciing ti€én hanh dga
vio dinh luat Henry nhu trong thang x. () trang théi chudn, p = p3, (hodc pg)via,
(hoc a,) = 1. Gid thiét pha hoi 13 If wong. Trong mébi tradmg hgp, ngudi ta cling xay
dung nhimg dubmg biéu dién 4p sust hoi p, theo ndng do m hodc ¢ (hinh X-2) & viing
néng 46 thip m tai d6 dioh lugt Henry p3 = k,,.m* hoac p; =& ¢* dugc tuan theo
i ngoai suy cho 16i néng d6 dom vi bing céch gia dinh ring & néng d6 nay, vin c6 dinh
luat Henry. & trang ihdi gia dinh ndy, chét tan s& c6 4p suft hoi bing k,, hosc k.
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Nhu vay, d6i v6i chét tan, trang
thai chudn trong ca 3 thang ndéng do
x, m hay c |2 trang théi gid dinh P,
(khong c6 thuc) cha dung dich cé e
néng d0 clia ch4t tan bing don vi ma .y
tai d6 4p suft hoi cha chét tan bing. v
hé s6 Henry ciia n6 trong dung dich e
v6 cing lodng. -

Viy pj=kn=p3/m" holc 2

p5 =k, =p3/c* (chi ¥ phan biet

| ————

chi 56 c & cao 12 chi trang thdi chudn m
v6i chi s8 ¢ & chan 1A chi néng d¢ y
mol — thé tich c). Hink X-2. Trang théi chufin d&i v6i chit tan

Theo dinh nghia, hoat 0 ciia  UOng dung dich khong li tuémg theo thang m.
chfittan laa= p,/pS. Tirdé:

a =By oin _R2/m_ppim

™ kg ™ m ko py/m’

S S P T 118 | (X.18)
C kc ¢ c kc p;!c‘

Nhiimg hé thic ndy gitng het nhiimg h¢ thitc (X.12) va (X.13) da thu duge trong
thang ndng 45 x. '

Chi ¢ ring, ddi voi chdt tan, néu hoat df theo thang x 1& mét dai hugng khong ¢o thir
nguyén thi, trdi lai, hoat dg theo thang m va c 12 dai lugng c6 thi nguyén clia néng do.
Thure vy, theo thang molan m, he s6 Henry lak, = p*fm‘, dodd:

PP

A v .

m P2

Vitis§ py/p3 khong cé thi nguyén. nén a,, c6 thit nguyén céa néng d6 molan m
(mol/1000g dung méi). Ciing twong tu nhu vay, k.= p3/c” vi:

"

aczgz-=£.2_c‘
ke ph

do 46 a_ c6 thi nguyeén cia ndng do ¢ (mol).

Cic he s6 hoat d0 ¥,, Y Y. thi luén 1uon 1A nhimg dai fwgng khong c6 thit nguyén.

DS v6i chilt tan & trang théi chusn, hoat d0 bing ndng 6 va bing don vi, didu ndy
ding trong ci 3 thang x, mvic:
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ax=x-—.l; am=m=l; ac=c=l
=1 Ym=1 : Ye=1 _
He s6 hoat 49 cia chit tan ciing bing 1 trong dung dich v cing lodng : v; =1,
a =x"; 1 =1;a% =m*; ¢ =1;a% =¢"
bdi v6i dung dich a0 loang d€ cic néng do x, m v c 1i {2 v6i nhan, cic h¢ s6 hoat

40 Y5, Ym V2 Y, x4p xi bing nhau. Néu dung dich dgm dic hon thi by gid v,, v, va Y, c6
nhiing gia trj khdc nhau 3 rét. '

§4. PHUONG PHAP XAC BINH HOAT DO
VA HE SO HOAT PO

Hoat do va he 56 hoat d¢ ciia cdc cdu tir trong dung dich 6 thé x4c dinh tir nhimg
phuong phip thie nghiém, thi du phuong phép 4p sudt hoi, phwong phip dinh lust phan
bd, phuong phép han nghiem v.v...

Déi véi dung dich 2 ¢#u 1, ¢6 the tinh hoat d6 ciia cfu 11t nity khi dz bigt hoat dé clia
cdlu tir kia bing cdch sit dung he thiic Gipxo-Duhem.

C6 the tink ¥ thuyét hoat do vi he s& hoat 49 wén oo s& nhitng gid thuy&t ndo d6 vé

ban chat va tdc dung clia nhiing lyc gy ra nhimg sai lech cha dung dich so véi tinh I
tudng. Céch tinh ndy hién méi chi thanh cong 6t d6i v6i dung dich rat lodng chat dién
phin (thi dy xem thuy&t Dobai-Hucken trong Dién hod hoc),

1. Phuong phép 4p suat hoi | |

Néu chon trang thdi chusn theo céich I thi & = p;/p{ khi hoi 12 If
tudng. Cich ndy thudng 4p dung cho dung moi. Néu xé4c dinh 4p suit hoi
p; trén dung dich ¢6 néng do X; va do 4p sust hoi p; clia i nguyén chat &
cing T va p ngoai nhu dung dich thi cé thé xdc dinh tryc ti€p hoat do a;
cha i.

Néu chon trang thdi chudn theo cich II thi a; = py/k;. D€ xic dinh a;
theo cdch nay, cin phai xdc dinh he s& Henry k; = p; /x{, dau * iing
v6i dung dich vo cing loing. Muén vy, xdc dinh p; & cic X; khic nhau,
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ghi py/x; & truc tung va x; trén truc hoanh rdi ngoai suy duimg bidu dién
cho 16i x; = 0 s& dugc k;. D6 12 gidi han cia i s6 py/x; khi x; — 0 (hinh
X-3). He s6 Henry & day iing v6i thang néng do x.

Trong thyc t€, khi 1am gidm ddn

B
néng d6 ma thiy ti s6 p/x; ti€n dén .
mot gi tri c6 dinh thi ta chip nhan I /
gié tri ndy cho hé s6 Henry. e

Phuong phip dp sudt hai thudng  ptxy
duge ding khi chi ¢6 mot minh ciu

1t i trong dung dich 13 bay hoi hay 0 X,
¢ 4p susit hoi 15 rét 16n hon cdc ciu- Hinh X.3. D6 xéc dinth b 6
tir khic. i 3. D€ xic dinh hé cnry k,

2. Phuong phép djnh luat phan bé

Khi ¢6 su phan bS can bing mot chat tan i giita hai dung moi () va
(") khong tan vao nhau va véi nhiing dung méi ndy, cht tan i hinh thanh
nhimg dung dich khong If tuéng va khong di loéng, thi dinh luit phan
b6 phai biéu thi qua hoat do a' va a" cha i trong 2 pha 16ng dé :

E; =K (T =cons) - (X.19)

- K 1a hng s6 phan bd. Do d6 néu di b€t sit phu thude hoat do cia i vao
néng do déi v6i dung méi nay thi c6 thé tim thdy sy phu thude d6 déi
v6i dung moi kia. Mu6n vay, cin phai x4c dinh hé s6 phan b6 K tir diéu
kién gidi han. Vi & do loang vo han a* =c* chonén:

3. Phudng phép tinh hoat d& clia céiu tir nay tir hoat @3 cla céu
tir kia dya vao h@ thite Gipxc - Buhem

a) Hé thic Gipxo-Duhem vé hoat d6. Theo he thiic Gipxo—Duhem &
T, p const, Zndpy = 0. Céc j; c6 dang-y; = u (T,P) + RTina; , cdc
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1 (T,P) chi phu thudc vao T va P, do d6 & T, P const, cic du bing
khong, con lai :

dy; = RTd/na;
Pua gié tri nay cla dp,; vao Tnydp; = 0 va sau khi loai bd RT sé& dugc
hé thifc Gipxo—Puhem vé hoat d6 clia cdc c4u tir trong dung dich :
Sndlna; =0 (X.20)
D6i véi dung dich 2 cfu tir (X.20) viét 1a :
njdina; + nydina; =0
trdo:

dina; = =22 dina, = - %2 gina (X.21)
1 ny 2 X1 2

Trong thyc t€, dp suit chi c6 anh hudng khong ddng ké dén ; va do
d6 dén a; cha céc i trong dung dich léng, do d6 chi cdn nghién ctu &
T = const. -

b) Tinh ay khi d@ biét ay va nguoc lai. D6t vai (X.21) ¢6 thé thay
logarit tiy nhién bing logarit thap phan r6i 14y tich phan gifta 2 trang thai
A vi BT = const s& duge :

B _

. X X
Ig(ay)g = lglay)a - J-;z* diga; X,
A _
A

T

Néu Iga, da duogc xdc dinh d6i
v6i nhidu thanh phin khic
nhau (tic i d6i v6i nhiéu x,/x,

khdc nhau) thi chi viéc dung 0 ola) gtag),

dudng cong xy/x; = f(-Iga,) |

bing cich ghi X,/x, trén truc Hinh X-4. X4c dinh a, tir a, bing tich
’ : phan 46 thi
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tung va —lga, trén tryc hoanh. Sau'dé xdc dinh gid tri cha tich phan theo
phuong phép dé thi (do dién tich gach chéo trén hinh X-4) thi ¢6 thé xé4c
dinh Iga; d6i v6i bat ki trang théi B ndo, mién 14 né di dugc biét tai mot
trang thai A nao dé.
Néu chon trang thdi A 14 dung dich vé cing lodng (x; — 0,
a; = x; = 1) thi Ig(a;)4 = 0. Khi d6 hoat do & mét trang thii B bt ki, c6
%, # 0 s& tinh theo hé thic :
. X
Iga; = - j X2 diga, (X.22)
X3
L%] =0

He thic nay cho phép tinh a, tir a, va nguge lai. Nhuge diém cga
phuong phap 1 & vimg dung dich lodng, khi x, — 0, x; > 1 thi 22 0,
| X

ddng thoi a; — 0, do d6 Iga; — —o, nhur vy c6 mt}f su bit dinh nao d6,
tifc 13 sy xdc dinh s& kém chinh x4c & viing dung dich loing.

§5. CAN BANG DUNG DICH LONG - CAU TU KHI.
PO TAN CUA KHi TRONG CHAT LONG

1. Céch bidu thj & tan ctia khi trong chit Idng |

Cling nhu chat rén, chdt khf chi hoa tan ¢6 han vao chdt 1ong. Néng
do khi trong dung djch bio hoa né 1a d¢ tan cia khi. Hién nay chua c¢6
don vi nao duge chép nhan 1am don vi chinh thic dé biéu thi do tan cia
- khi. Ngudi ta thudmg ding hé s& tan va mot s6 cdch biéu thi khic.

Hé sé tan a cia khi wong chét 1ong & nhigt do T va dudi dp sust
rieng phin p clia khi trén chat idng khi c6 can bing la th¢ tich khi tan-
trong don vi thé tich ciia dung moi. N&u Vi, (do & T, p) 12 thé tich kh{
tan trong thé tich V cia dung moi, hé s6 tan cha khi s& 1a :
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o = Yan ' (X.23)
v

He s6 tan o cho biét mot thé tich dung moi 1ong hoa tan dugc bao
nhieu thé tich khi & T va p da cho. ' .

2. Anh huéng clia sp sust 1&n d6 tan cia khi. Binh luat Henry

Goi khi c6 khd nang hoa tan vao dung méi long 1A cdu 1 2, goi
s vapl 12 the hod hoc ciia né trong pha khi va trong dung dich long
cin bang v6i nhau :

p¥ = g% () + RTIst,
1z = p§H(T. p) + RTina,
Tir di€u kién can bing u§ = p.% suyra:

H_ w8 @ -pm
s RT

in

Ink (X.24)

hofc:  fy=ka, (X.25)
k 1a ham ciia T va p. Néu b6 qua dnh hudng 14t nhéd clia p vao the hod hoc
cia khf 2 trong pha 1ng thi ¢6 thé chdp nhan k 12 hing s6 & T = const ;
k goi Ia h¢ s6'hodc hdng s6 Henry.

a) Dung dich 12 khong If tuong nhung lodng (d6 tan bé clia khi)

1) Khi trén dung dich xit su li tuong : dinh ludt Henry vé dé tan ciia
khi trong chat Ing. Khi khi chi tan it, c6 thé ch4p nhan hoat do a, bing
néng d¢ x, cia khi trong pha.léng. Vi khi 1a If twing nen fy=p,ladp
sudt ciia khi trén dung dich can bing v6i khi. Khi d6 (X.25) u& thanh :
P, =kx, (T = const) (X.26)

D6 1a dinh ludt Henry do Henry tim ra bang thyc nghiém nam 1803,
n6 mo ta sy phy thudc gitta 4p sudt khi P va d6 tan x, ciia khi trong chat
16ng. Biéu thic d6 hoan toan tring véi hé thitc Henry (VIIL8) p, = kyx,
mo ta 4p suét hoi bdo hoa p, cia chét tan 2 trong dung djch lodng.

80



Can bing trong hai qué trinh hod tan khi 2 vao chdt 16ng va hod hoi
ciia chét tan 2 tir dung dich 1ong 13 hoan toan tuong dwong nhau vé mat
nhiét dong. Mot bén I3 can bing giita khi va dung dich bao hoa cha nd,
mot bén 1a can bing gifta dung dich 16ng va hoi bao hoa ciia chit tan. CA
hai can bing nay déu tun theo dinh luat Henry khi dung dich la lodng.
Tir (X.26) suy ra & T =const :

X2 =Kp, - (K =1/} _ (X271
D6i v6i dung dich lodng, x, ti 18 v6i m; va ¢,, do d6 ciing ¢6 thé viét

g T = const :
inz =K'p; hodc ¢, =K"py. ' (X.28)

" Néu M, |2 kh6i luong phan tir ciia khi 2 thi kh&i lugng khi tan trong

don vi thé tich dung dich (hosic dung moi) & T da cho la g = Mycy va
theo (X.28) n6 bang :

4 = Mye, = MK'p = Kpy (X29)

(d6i v6i dung dich lodng, c6 thé chip nhan 1 Iit dung dich bing 1 lit
dung mo6i). Dudi ntgi‘mg dang (X.27), (X.28) va (X.29) dinh luat Henry
c6 thé phét biéu : '

D67 voi khi hinh thanh dung dich khéng Ui tudng véi dung méi va chi
tan it trong dung moi, do tan ciia khi biéu thi bing nong d x, m hay c,
hodc bing khoi heong khi tan trong don vi thé tich dung méi la mét dai
hugmg ti 16 thudn véi dp sudt cdn bdng ciea khi trén dung dich.

Ghi chii. Nhimg sai 1éch d6i v6i dinh lugt Henry duge nhan thay khi
- khi hoa tan tham gia vao tuong tdc hod hoc véi dung moéi, hodc phan li
bang ion, thi du trudng hgp NH,, HCI, SO, v.v... tan trong nuée. Khi d6
d06 tan 10an phin thudng 16n va khong tuén theo dinh luat Henry.

2) Hé qud cia dink ludt Henry, Goi Vin 12 thé tich khf tan trong thé tich V ciia
dung mdi & nhiet 4 T va du6i 4p sust p, ciia khi. Vi khi duge coi 1a 1f rémg, tac6 :
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poVay = 12RT = 22 RT
M,

2, 14 khoi lugng khi tan trong the tich ¥ ciia dung méi, dem chia véi V s& duge khéi
lugng khi q, tan trong don vi thé tich dung moi :

PV 2 RT _  RT
v VM, P,
Theo dinh nghia (X.23) a = vtan";v 12 he s6 tan o cba khi, .do d6 néu k& hop véi
(X.29) & duge :
ey % RT_pnRT g, (X.30)
V. o opp M M,

Nhwr vy, dot véi khi coi nhu khi ¥ nedng va tudn theo dinh lugt Henry, hé 56 tan o
céia né trong chdt 1ong chi phu thudc vao nhiét do, khong phu thuge vao dp sudt. biéu
ndy o6 nghia 12 & nhiet 4o khong 46, mot thé tich nhat dinh cla Khi (dudi dp sust can
bing ciia khf) duge hod tan trong don vi thé tich dung mdi, khong phu thudc vao gid tri
ciia 4p SUAL.

b) Dung dich 1a Ii tuong. D tan li tuong ciia khi. Néu dung dich 1a 1
tudng (a, = X, & moi X;) va néu khi cing xir su i g (f; = py) thi tUr
(X.26) p, = kxp suy rak = pj3 (ing v6i x; = 1). Nhu vay, néu khi 2 hinh
thanh dung dich I tudmg v6i dung mai thi k ¢6 ¥ nghia vat If 1a 4p sudt
hoi bio hoa ciia c4u tit 2 nguyén chét & trang thii hod 16ng & nhiét d6 T
ciia thi nghieém do d¢ tan. Do d6 & T const :

pr=p3xy hotcxp =L (X.31)
P

D6 14 bidu thic clia dink ludt Raun — Henry vé dé tan li tudng cia
khi trong chdt long.

§6. CAN BANG DUNG DICH LONG - CAU TU RAN

1. Can bing dung dich léng véi tinh thé cha cau tri

Ta xét bai tinh can bing di thé giffa mot pha rén chi chira mot cfu tiri
nguyén chit va mot pha 1ong 6 hai cffu tir (dung dich) trong d6 cb ciu

82



tir i. Khi 86 dung dich 13 bdo hoa d6i véi i. Nong do x; clia i trong dung
dich d6 1a d3 tan cha i & T va p ngoai da cho (p chi ¢6 anh hudng rat bé).
Goi pl 13 the hos hoc cilia i trong pha 16ng (dung dich) va PR 13 the
hod hoc clia i trong pha rin nguyén chit. Diéu ki¢n can bang la
pfR = pl: 4R chi phy thuoc vao T va p vi i trong pha rédn lm nguyén
" chat, cdn pl* phu thudc ca vao thanh phén clia-dung dich theo biéu thitc :
pk = uO(T, p) + RTing;

Diéu kién can bing p?R = pil‘ dan t6i :
. oR _ oL
lnai = !'l;_—}'.h—

RT

Tir d6, dua vao (VI.35) 14y dao ham theo T & p = const trong diéu
kién can bing vin t6n tai, nghia 14 dung dich van 14 bdo hoa d6i véi 1

s€ dugc :
(ami] _1 i[ﬁ}i{ﬁi} _
oT ) R|OT( T | T T

R
__H® -H-
RT?
(bh = bédo hoa) ; hoic :
[6lnai'j'- _ml-HR  AH X.32)
T )y RT? RT? '

H?R la entanpi clia 1 mol i rén nguyén chit con H?L 12 entapi mol
riéng phin ciia i trong dung dich & trang thdi chudn. Néu khi tinh
hoat d¢ a; cla c&u tir i trong dung dich, ta 14y trang thdi cia cdu t i
1ong nguyén chat 1am trang thai chudn (tic 1a a; = 1 khi x; = 1)

thi H{’L = H?L = entanpi cba 1 mol i long nguyén chit. Khi dé
AH; = H?L = H?R s& 14 bién thién entanpi trong qua trinh chuyén 1 mol
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tir trang thdi i rdn nguyén chit sang trang thdi i 16ng nguyén chat. Né6i

‘khic, AH; 1d nhiét nong chdy Ly ; cia 1 mol i rin nguyeén chat, do d6
(X.32) vi€t la:

[amai) =(6Innxi) - Loei X33
aT p.bh oT p.bh RT :

He thitc (X.33) c6 thé xé1-hai cdch khdc nhau tuy theo i 13 dung moi
hay chét tan.

2. Han nghiém

Su két tinh cua dung méi tiv dung dich lodng chdt tan. D8i v6i dung
dich lodng, khi lam ha thdp nhiét do 16i bing di€ém T cta dung dich thi
dung dich bt ddu két tinh (d6ng bang). § day chi xét trudng hop tinh
thé hién ra la clia dung méi 1 nguyén chét can bing véi dung dich 16ng ;
diéu nay ¢6 nghia 1a & phiét 46 T (bing diém), dung dich trd thanh bio
hoa déi v6i dung moi va phdn mol x; ciia dung moi trong dung dich bio
hoa d6 biéu thi dg tan chia dung moi trong dung dich.

Dai v6i dung dich loang (chinh x4c 13 v6 cung lodng),y; =1 va a; = x,,
hé thiic (X.33) trd thanh :

L
[afnxl ] _ nc,21 (X.34)
oT Jooh  RT

He thifc nay 1a trudmg hop riéng cla phuong trinh Sréde—Lo Satolié
biéu thi su phu thudc 46 tan ciia cdc cdu it trong dung dich If tudng theo
nhiét do.

@ 4p sut khi quyén ngodi p = Py = const, (X.34) c6 thé viét :

an,l E
R T2
Su tich phan phuong trinh nay tir bang di€m T cha dung dich (c6
thanh phén x,) dén bang di€m Ty cila dung moi 1 nguyén chat (ing véi
xq = 1) s& cho (khi coi Ly ; nhu khong déi trong khoang nhi¢t do nhod
dé) :

dinx; =
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L
[
X1 ) TT

L T, -T) .
inx1= nc,l(o )

RTT,

Péi v6i dung dlch 2 c#u tir 4t lodng c4u tif 2, ta c6 thé chdp nhan hai
su gin diing :

1) T rét gén T, dé dat TT, = T2
2) Inxy = (1 - xp) = —%, (Vi %y << 1)
Khi d6 néu djt 8 = A Ty, = T, — T va goi 12 d6 hq bang diém ciia dung

dich so v6i dung moi nguyén chat, s& dugc

2
B = ATb = RTO

nc,1

X2

hodc, néu chuyén tir ndng do x, sang ndng do molan m; (d6i v&i dung
dlCh laﬁng, X3 = MlmZIIOOO) :

RIZM; __RT

8= AT, =Kymy ; Ky, =
b= 22 b T 000 10002y

(X.35)

Ky, 12 hiing s6 han nghiém ; A, ; = L, ;/M, 1a nhiét nong chay riéng
d6i véi 1 gam chia dung moi nguyén chit. Cong thirc (X.35) tring v61
(VIIL.19) di gi6i thiu & chuong VIIL

3. X4c dinh hoat 43 va hé s8 hoat dd bang phuong phap han nghiém

Da6i v6i dung dich thuc, ta phai ding he thic (X.33). H¢ thitc nay
cung c&p mot trong nhitg cich xic dinh hoat d6 va he s6 hoat do bing
phuong phédp han nghiém.

a) Xdc dinh hoar doé ciia dung méi : Theo (X.33),ap=const :
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d! nal an,l

dT  RT?

Sy tich phan giita hai bang diém T, (ciia dung moi nguyen chit, ing
vdi aj = 1) va T (cha dung dich loing, Ung véi mot gid trj a, nao d6), T
va T, rét gin nhau, cho phép chdp nhan Lyc.1 = const. Khi d6 s& dugc
L1 . T-T, - __an,l 6

R TT, RTT,

Inal =

(X.36)

6 = ATy, = T, ~ T 12 do ha bang diém cita dung dich xéc dinh bing thuc
nghiém (han nghiém). Tirdé suyraa, vay, = a,/x;
b) Xdc dinh hoat 5 va hé 56 hoat d6 cda chdt tan. Theo (X.33) 48i véi dung moi :

L
dinay = =24l 4T
RT

Tir® = To, - T suy ra d6 = —dT (vi T, = const), do d6 :

—dina, = Eﬁ; 90 = ﬁ‘-*zlde
RT

(1]

Bay gids chuyén sang hoat do cila chdt tan dua vao hé thiic Gipxo — Duhem (X.21) :

L
dinay = 2L dpng, = DL ﬁdﬁ
- My ny; RT;

Gid thir ndng do cht tan bidu thi bing do molan my. Khi d6 n, = 1000/M, va n, = m,,
M, la khoi lugng phan tir ciia dung méi. Ta duroc -
_ 1000L,

dblaz
T2Mym,

Nhumg theo (X.35) hing s6 han nghiem 14 :
__RTIM,

® " 1000L,

vay :
dina; = —L ﬂ X3
b M3y
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tir 46 c6 thé xéc dinh (ay)p n€u d3 bitt a, & Mot rang théi A ndo 46 va ndw da do duoc 0
& mot diy néng 46 m, khic nhau :

1 dG
In{a = In(a + o fr— {X.38)
{az)g (as ) Kr dm2
Phirong phdp nay ¢é nhurge diém 13 khi chon dung dich vo cling loang 1am trang théi

A thimy — 0, 0 — 0, ddng théi s6 hang 1/m, cla tlch phan va In(az) 4 cling trd thanh
o, do d6 sir tich phan s& thi€u chinh xdc.

D€ trinh tinh trang d6, ta ding ham phu trg :

ji=1- (X.39)
! Kpm,
Vé ¥ nghia vat li thi j 13 do do tinh sai 1éch so v6i nhitg thudc tinh cba dung dich
lodng. P8I vt dung dich vo cling loding 6 = Kbmz va j = 0. D8i v6i dung dich lhl.rc
khong di lodng, 6 # K m, va j=0, )
Tir (X.39) suy ra 8 = (1 ~ jyKymy, do dé:
-d8 =1 - )} K, dmy — Kym,dj
Dua gi4 tri nay ciia d@ vio (X.37) s& dugc :
do dm dm; .dmy

1 .
dfﬂaz-K—-—=(1—J; 2 dj= -] - dj
b Mz my My my

Chuyén dmy/m, = dinm, sang vé trdi :

din22 = diny, = - dm, - dj
m2 m2
Khim; =0, j=0, déng thési v, = 1 vilgy, =0 (dung dich v6 ciing lodng). Do d6 n&u
tich phén phuong trinh trén tir my = 0 d&n m, d cho, ta dugc :

m3

tayy === [Lom, (X40)
0 M2

¥ day sif tich phan khong gap khé khin vi khi my — 0, j —» 0, ti s6 ym, vin giit dugc
mot gid tri hitu han. Ta xdc dinh tich phén (X:40) theo phuong phép d6 thi. Trudc hét xdc
dinh © va do d6 } d6i vai mot diy dung dich c6 néng d& m, khéc nhau va bé dén. Dyng
d6 thi j/m, theo m,. Ngoai suy cho 16i m, = Q. Dién tich duéi dudng cong thu dugc giita
m, = 0 va mt gia tri m, 4 cho nao d6 s& dng v&i gid tri ca tich phan phai tim. Tk d6
Suy ra y, vit a; = y,my.
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D6 v6i nhitmg dung dich rit loding, ti 56 J/m, dat dgc gid ti gdn nhw hing s6 va c6
thé dia ra ngoai d4u tich phan clia (X.40) va h¢ thic nay trd thanh :

Inyy = In—2 = -2j ' (X.41)
L)

3.5 tan |i tudng cla chat rin trong chét 1dng
Ta tr& lai (X.33) khi i 12 chit rén (i = 2) tan trong dung moi long 1.
Gia thiét dung dich la Ii tuong. Khi d6 ;= 1 v2 a; = x;, (X.33) trS thanh :

[a’”"i) _Lnei (X.42)
aT p.bh RT? .

(X.42) 1a phuong trinh Srode—Lo Satolié, do Srode (Schroder, 1890)
v Lo Satolie (1894) lam Vléc doc 14p di tim ra. N6 biéu thi quy lust
bién thien do tan x; clia'i rin tan trong dung dich If tudng theo nhi¢t do.
Vi L,; 1uon luon > O cho nén tir (X.42) suy ra ring do ian li tudng x; |
ciia chdt rdn ting theo nhiét do T. Ngodi 1a, § p const, dé tan li tidng x;
chi phu thugc vao T, khong phu thude vdo ban chdt cia cdu 1 khdc 1,
ddc biét khéng phu thudc vao dung méi. : .
Néu coi Ly 1a nhiét néng chdy cha
1 mol i rin nguyen ch#t & nhiét 40 néng
chiy T, va chdp nhan gén ding ring né 9%
khong déi trong todn khodng nhiét d¢ tr I
T, dén T thi sy tich phan (X.42) giita 2

phigt do nay & p const s& cho :
Loci
R T, T 1
L. T— T
:;ﬂ_l_'.rg (X.43)
R TT,

) . Hinh X-5. Sy phu thugc 40 tan li
Vix; <1, inx; <0, 6dn Lyg; > 0 cho tudmg cha chit rén trong chdt 1ong

vio chigt 4d.
~ nén tir (X.43) suy ra ring T< T,
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Cong thiic (X.43) cho phép rit ra quv tic sau ddy vé do tan li tudng
clia chat ran :
Logarit ciia d¢ tan x; la ham bdc nhat cia 1T, ¢6 thé dung logarit
" thap phan va chuyén (X.43) sang dang .

L
U S
8314x2,303\T, T
hoic : |

lgx; = Lopc,i . L = A
17 8314x2,303T, 8,314x2,303T T

~ trong 86 Ly tinh ra jun. Néu biéu dién lgx; theo 1/T s& duge mdt durdm;
thing c6 do d6c bing —L, /8,314 x 2,303 (inh X-5).



CHUONG XI
CAN BANG HOA HOC

§1. Al LUC HOA HOC

1. Nguyén If Bectold

Ai Iuc hod hoc biu thi kha nang phén ng cia cic cht v6i nhau. Tomxen
(Thomsen, Dan mach, 1853) va sau d6 Bectol6 (Berthelot, Phap, 1867)
dé nghi do i luc hod hoc bing nhiét luong tda ra trong phan ing hod
hec. Y kién niy duge Bectols dung thanh nguyén li céng cyc dai, thuomg
801 1a nguyén Ii Bectol6 (1867) : "Moi bién déi hod hoc xdy ra ma khong
€0 sy can thiép cila bén ngodi déu cé xu huong dién ra theo chiéu sdn ra
mét chdt hay mot hé chat t6a ra nhidu nhiét nhat". Nhu viy, theo
nguyén li Bectolo, cdc phan tmg xay ra tr nhién déu phai 12 phan tng toa
nhi¢t va 4i lyc hod hoc ¢6 thé do bing hiéu ting nhiét cha phan img.

Néu goi o4, va =4, 1a d6 do 4i lyc hod hoc trong céc phin ing ding
tich va ding dp thi theo nguyén I trén ;

aqu—sz—AU;@?pz—sz—AH

Theo nguyén 1i do, phin dng chi ¢ thé xay ra tv nhién & V = const
né’uQV<OhoacAU<Ovﬁ&p——»constné'qu<0hoacAH<O.

Trong thire t€, mot 56 I6n phan ing x4y ra & nhiét do thuong hay gin
nhiét-d¢ thudng 1a nhitng phan tng tda nhiét. Nhumg cé mot s& khong it
phan tng thu hiét vin dién ra dugc ty nhién, nh4t 13 & nhiet d6 cao.
Ngoai ra, nguyén If Bectoldo mé&u thun v6i sy t6n tai nhimg phan (mg
thuan nghich, dién ra theo ca hai chiéu & cing nhiét do, nhitng phan tng
nay da duoc Bectolé (Berthollet, Phdp) néu ra tir 1801, do d6 néu phan
Ung 12 toa nhiét theo chiéu nay, né phai 12 thu nhiét theo chiéu kia.

Mendeléep (1875) va dic biét 12 Potulitxin (1874) d3 ¢6 vai trd co
ban trong vigc vach r3 sai 1dm clia nguyén 1i Betolo trong truémg hop
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t6ng qudt. Potulitxin chi rd nguyen 1i d6 chi 1a mOt dinh luat gidi
han & T = 0K,

2. Thuyét diing d4n v& 4i luc hoa hec

Nguyén i Bectol6 dya trén mot tién dé ding : cdc qud trinh ty nhién
(khong c6 sy can thiép cua “bén ngoai) déu dién ra theo chiéu nao sin ra
duoc nhiéu cong nhdt (nguyén li cong cuc dai). Nhung sai 1dm cilia
Bectol6 1a & chd da déng nhdt cong cuc dai ciia phin (ng véi higu ting
nhiét cta phan iing.

Chi trén co s& nguyén 1i Il méi c6 duge mot thuyét dinh luong diing
dén vé 4i luc hod hoc, do Gipxo (1876) va Hemhon (1884) dé ra. Van Hop
phit trién thuyét nay (1885) va cho né mat dang todn hoc khi suy luan ra
dinh luat tic dung khéi lugng bing nhiét dong luc hoc {dinh luat nay liic
trude chi duge cdc nha khoa hoc Thuy dién Gunbe (Gulberg) va Vagio
(Waage) thiét 1ap (1867) bing con dudng nghién cifu t6c d6 ciia phan
ing).

. D0 do di luc hod hoc khong phdi Ja hiéu ing nhiét clia phin ting ma
12 cong ¢6 thé thu duge khi tién hanh phan ing theo cich thuan nghich
nhiét dong, tiic 13 bing d¢ gidm cia céc thé nhiét dong tuong ting :

A, =-AF=TAS- AU = A, ... (XL.1)
Ap=-ACG=TAS-AH=A\ o~ (X1.2)

Tir (X1.1) va (X1.2) ta thay nguyén i Bectolo ding trong hai trudng
hop riéng :

1) Khi T = 0K, khi d6 o4, = -AF = —AU;

Ap = ~AG = -AH. Vay & OK, nguyén 1i Bectolo ding khong c6
ngoai l& va khong c6 qué trinh thu nhiét nao xay ra ty nhien & 0K dugc.

T cang gin OK thi dai lugng AH cang biéu thi chinh x4c dai. lugng
AG va xdc sudt cla qud trinh theo chiéu tda nhiét cing 16m.

2) Khi AS = 0, nghia Ia khi, phd hop véi (0AG/2T), = —AS =0, cong
¢6 ich cuc dai (A’p,max = ~A6) khéng phy thudc vao T.
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Cach dinh nghia ding dén &i Iyc hod hoc cling giai thich tai sao mét
qud trinh thu nhiét lai ¢6 thé xay ra ty nhien : AU vi AH trong trudng
- hop nay c6 gid tri duong, qué winh mudn dién ra duge chi cdn c6 mot

bi€n thién entropi AS va mot nhiét d6 T dii cao d€ 1am cho TAS 16n hon
AU hoac AH. : '

§2. BIEU KIEN CAN BANG HOA HOG

Phdn img thugn nghich hod hoc g6m hai phan tng don giin hon :
mot phan ing thudn va mot phan dng nghich dién ra déng théi theo hai
chiéu nguoc nhau véi t6¢ d6 khdc nhau. Phin img thusn nghich téng
quét méi lic 1a k&t qué t6ng hop cbia hai phin \ing thuin va nghich d6.
Tay theo diéu ki¢n, mot trong hai chiéu, thuan hay nghich c6 thé chi€m
vu the va phan tng thudn nghich téng quét s& dién ra theo chiéu dé cho
t6i khi dat t6i trang thdi can bing hod hoc. Can bing nay 13 mét cdn
bdng ddng Vi hai qud trinh thuan va nghich vin difn ra nhung véi t6c do
bing nhau cho nén thinh phdn clia cic chat c6 mét trong phan tng ké tir
ldc 46 khong thay déi niva.

Cdc phan ting hod hoc n6i chung déu 1a phan tmg thuan nghich hoi
hoc. Tuy nhién cé nhiing phan img trong d6 mot trong hai chiéu rat yéu
khong ddng ké va nhitng phin tng dé thuc t€ 1a phin tng mot chidu,
dién ra cho dén cing. ' :

Dai v6i nhilmg hé trong d6 c6 phan ing hod hoc dién ra, nhing qu4
trinh v ciing nho trong he fmg v6i nhitng hé thitc sau :

dF = -S8dT ~ pdV + Zyydn; (X1.3)
dG = —SdT + Vdp + Zpdn;
Néu qua trinh trong hé diénra & T, V const hay & T, p = const nhimg
hé thifc trén trds thanh :
dFry = dGrp = Zpydn, (XL4)

Trong nhimg diéu kién twong tng, qud trinh chi c6 thé dién ra ty
nhién theo chiéu 1am cho Zpdn; < 0 va can bing trong he sé dat t6i khi
Zpydn; = 0, :
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Gia thir trong hé ¢6 nhimg chat A, A,, ..., B;, B,,... ¢ kba ning

phan iing v6i nhau theo phwong trinh hod hoc :

. "IAI + V2A2 +.= VIIBI + V‘sz + ... (XL3)

. Néu phan g tdng quit dién ra theo chidu thugn (tir trdi sang phai)
thi A, Ay,... |2 nhilng chit ddu, B;, B,... ] nhiing chit cudi hay sin phim
clia phin li‘ng._ Vi nhifng bién thién dn, dn,,... do'}, dn',,... v& s6 mol ciia
ching 1a do phén tng gay ra cho nén phai ti 1¢ v6i nhiing he s6 ti lugng
Vis Va4 V'], Vig... clia chiing trong phuong trinh phén dng tic 13 :
dny _ dnp 4oy _dnh

Vi Vi - v Il v ‘2
& day, d6i véi nhilg chét cudi (ch4t dugc hinh thanh) dn,> 0 cdn d6i voi
nhiing chat ddu (chit mdt bst di) dn; < 0, do dé dfu "am" dit trude
nhing ti s6 dny/v; va ddu "duong” dat trude nhing ti s6 dn;/ v;’ bio dim
cho dA c6 gid tri dwong. Nhitng ti 56 d6 12 gi6ng nhau d6i véi moi chat
trong phin ing vi c6 thé viét dudi dang vi phan ciia mot dai luong A nao
d6. Dai lugng ndy goi 1 dé tién trién clia phan ing. N6 cho biét vé khéi
hugng cia méi ch4t trong phin img tai thei di€ém dang xét va do bing
nhitng don vi. tuong duong nhau, ing véi phuong trinh phan \ing. Thi du
trong phan dng :

N2 + 3H2 = 2NH3
don vi khéi lugng twong duong d6i v6i c4c chét 1a (N,), (3H,), (2NH;)
nghia ia 1 mol N;, 3 mol H; v 2mol NHj. C& 1 mol N, mit di thi n6
mit di déng thoi véi 3mol H, va sinh ra 2mol NH;. D6i vdi cing mét
phan g, bi€n thién vé khéi lugng, do bing nhimg don vi twong duong
1a gi6ng nhau ddi v6i moi chdt & bat ki thdi diém nao.
D0 tién trién A bién thién trong phiam vi tix 0 dén 1. N&u d\ = 0, phin

ing chua diénra, n€fudA A A =1thi:

=..=dA >0 (X1.6)

ﬂ=dﬂz__>ﬁn'1=ﬁﬂz=

i vaoov v
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] 1
tirc Ja A.l'li =¥ va do d6 Ani =vj

Do tién trién hod hoc A chi dic trung cho mot phan tng nh4t dinh.
Néu trong hé dién ra nhiéu phin tng thi mdi phén Ung dic trung bing

mot do tién tién riéng (A}, Ay,...).
Dua nhiing gi4 trj clia dn; rit ra tir (X1.6) vao tdng Yp.dn; s duge :
Zidn; = pagdng +pa,dng +.+ pg dny +pg dny + .=
=- V”,I.Aldl - VZqudl -t V‘luB]dl + V'zj..ledl +..=
= [( “"IIJB, + 'vrzsz +.) = (ViR + Vala, +o)ldA =
=(2v}p3i — IV;ka, )dA = Apdh, XL.7)
vai :
Ap = Iviup, - Zvipp, X

Zvijny, la tong th€ hod hoc ciia nhimg chit ddu 14y theo nhiing hé s6 ti
lugng ciia ching, Ev, Bp, la t6ng thé hod hoc clia nhitng chat cudi
(nhiing sin phdm clia phan tng) ciing 14y theo nhig hé s6 i lugng cia
ching. (Tir (X1.4) va (XI1.7) ta duoc, d6i véi phan ing hod hoc :

dFry =dGy,, =Zp;. dn; = Apdh (XL9)

e (i, '
_— =|— =An o (X110}
[57‘ v \%Ajr, |

Vi da s6 phan iing dién ra & T,p const, nén ta s& chi chi ¥ dén him
Gipxo hay thé ding 4p G. O T.p const, phan img dién ra tu nhién theo
chiéu iing véi dG Tp<0,dodé:

trdé:

Ap= Zvipg - Tvipa, <O (X1.11)
bdi vi, theo dinh nghia, dA > 0. Diéu kien (X1.11) tuong duong véi :
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Zvipa, > Iving (X1.11a)

" Nhu vay phan tng hod hoc chi ¢6 thé dién ra tu nhién theo chiéu lam
giam Yv; p A, » 50 hang ndy phai c6 gid tri 16n d6i vSi he nhimg chat ddu
hon 13 h¢ nhimg cht cu6i. Chimg nao phan ing con chua can bing thi
2ViMa, con gidm, dong thai Zv; M, con tang. Cudi ciing khi 2vipa, -
tr¥ thanh bing Sviup thi hé dat t6i trang théi cdn bdng hod hoc, ing
vdi diéu kién dGr, = Aud = 0. Vi dA = 0 nén diéu kién can bing I :

Ap= Zvipp ~ Zvisa, =0 | (X1.12)
Diéu kién nay twong tng véi cuc tiéu cha ham G = f (A) & T.p const,
rit ra tir (X1.10) :
Ciing twong ty nhu vay, diéu kién ciia can bing hod hoc & T,V const
s€la:
(E) = Au=0 - (L14)
Ty
Chi § & T, p const, G = Zv;Ga, = IVila, »
G = Zviani = Ev'ipBi va -
AGr,=(G’ - ), = Lviup, - Iviua, =An (X1.15)

Dai lugng AGy , goi Ia thé’ dang dp ciia phdn img, né bing bién thien
th€ ddng dp ciia he do phan ting gay ra khi s6 mol cdc chat bing hé s6
lugng clia chiing trong phuong trinh phan Gng. Dinh nghia nay 12 mot
quy u6c ma ta cin phai nhé khi lam cdc phép tinh vé can bing hod hoc.

Thé ddng ép chudn AG® clia phan ing 13 gid tri cha AG khi t4t ca céc
chat déu duge 18y & trang théi chudn'-
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CAG® = (G°' - G°) = Ev'iu‘ﬁi - Zviuy, = A’ (X1.16)
= EviGoBi - EViGii

Chii ¥ ring thé'ddng ép AG cla phan ting phu thudc vao T va p nhung
thé ding dp chudn AG™ cia phan img chi phu thuéc vao T vi & trang théi
chudn céc 4p sudt déu nhan gid trj c& dinh bdng 1 atm (N6i dtng thi
chua c6 quy dinh thong nhiit vé 4p sndt chufin d6i v6i chat tan trong
dung dich 16ng, tuy nhién thé€ hod hoc clia nhitng chét ny chi phu thuoc
chii yéu vio T, rdt it vio p, do d6 ¢ thé bd qua inh hudng cla 4p sudt,
coi nhur 4p sust vin bing 1 atm).

§3. DINH LUAT TAC DUNG KHOI LUGNG VA
PHUONG TRINH DANG NHIET CUA
PHAN UNG HOA HOC

:I. Thiét 1ap dang t8ng quat nhit cha dijnh luat theo phuong phap
~ thé nhiét dong
Néu 0 T,p const dién ra phan tng (X1.5) :
viA] +vahA, + = v']Bl + v'sz + ...
thi th& ding 4p AG clia phan ing x4c dinh béi (XI.15) :
AG = Ev}usi — Lvilla,
Néu moi chdt déu & trang thai chudn, triing v6i trang thdi chuin cha cdu

tir nguyen chat, thi thé ding 4p chuéin AG® clia phan ing duoc xdc dinh
bai (XL16) : .

AG® = Zv; up — Tviky
do d6 '
AG - AG® = Ev'i(uBi - }Lgi) ~ Zvi(1p, — p':'Ai )
Phuong trinh nay diing v6i moi hé bat ki, déng thé ciing nhu dj thé. |
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Vi bién thién the hod hoc khi chuyén 1mol chat i tir trang thai chudn
sang trang thai da cho béang :
b~ 0 = RTJnf—L = RTlna,
f

1

chonén:
ayl ay2.. |
- AG - AG® = RTin - v’ =RTinll, (XL17)
1 42
Ay, Ap
V; V] Vz
a a
InTl, = Inl1 i o gy By By (X118)
avi Vl aVZ
Ay Aa Ay
ali
n-2 n tich céc s hang ¢6 dang ag ~i chia cho tich céc s6 hang
axl
cé dang a‘;\‘i .

 Khi ¢6 cAn bang hod hoc, AG =0, do d6 :

av‘ a‘rz
AG® = —RTln _\’51___132_ (XL.19)
1 2
aAl aAz.

cb
Cic a,, , ap, trong (XI.19) Ja nhitng hoat d¢ khi c6 c4n bang ho4
hoc (cb = can bang) khdc vdi nhitng gid tri ap,» ap; .. lrong (XL.17
hay trong (X1.18) chi 1a hoat d¢ img v&i mot glal doan dién bién bat ki
nao dé cla phin ng, c6 thé 1a trang thdi ddu cia phan img ching han.
(X1.19) c6 thé viét

v
a’ av )
In _‘.3_I_BZ__. __AGT _ (T)
a¥t a¥2 RT
A AT cb

Vi AG® chi phy thudc vao T, nén v& phii phuong trinh nay 1a ham chi
cha T; &6 T const né 1a mot hiing s6, vay v& tréi ciing 12 mot hing s6 va
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L

ban than dal lugng sau diu /n cling 12 mot hing s6 goi 1a hang 50 cdn
bang hod hoc K, :

al avl a"2
- B
K, (T)=IT ;% = ﬁ (X1.20)
_Ai cb_ Az’ cb

Sau nay, khi khong s¢ nhdm 14n thi b khong cdn ghi ki hiéu cb &
chan. Phil hop véi (X1.20), phuong trinh (X1.19) ¢6 thé viét :

AG® = -RTInK, (X1.21)

va (X1.17) c6 thé viét :

AG =RT(rIl, —inK,) (X1.22)

Phuong trinh (X1.20) 1a biéu thic t8ng quét nhit cha dinh ludt tdc
dung khét liong.

Sy suy Iundn ra phuong trinh (X1.20) va (X1.22) 12 hoan toan ng quat
va khong dua vao mét quan niém ndo vé co ché clia qud trinh.

Phuong trinh (X1.22) goi 13 phuong trinh ddng nhiét ciia phdn img
hod hoc, hay phuong trinh Van Hép, 1a mQt trong nhimg phuong trinh
quan trong clia nhiét dong luc hoa hoc.

D6l day ta s& xét nhitng trudng hop riéng.
2. Cin biing hoa hoc déng thé trong pha khi Ii tuéng

a) Hang 56 cdan bdng K, Dé6i voi khi 1f tudng, a; = f; = p;, do d6 d6i
v4i phdn ing trong pha khi lf twdng K, =K, = f (T).

¥y

Py p"'1 p"'z---

KP=H —L | =2 (X1.23)
pVi . pV1 p"z
Ai ch At Th ch

“D6i voi khi li tedng, hang s6 can bang K chi phu thue vao T.
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Dudi dang (X1.23), dinh luat téc dung khéi lugng biéu thi méi lien he
dinh luong gifta nhimg dp sudt riéng phdn cda cdc khi trong hén hop khi
li trémg khi cd can bang hod hoc. Thi du, d6i v6i phin ting téng hop
amoniac : N + 3H, = 2NHj, :

2

PnH,
K,= —i
& day bo khong ghi ky hiéu tit cb (can bing) & chan, nhung cin nhd 1a
khi tinh Kp bao gids cling phai ldy nhitng gi4 tri cha ap suét riéng phan
khi ¢6 cén bang hod hoc ; d8i véi cdc hing s6 can bang khéc ciing vay.

Phuong trinh ding nhiét (X1.22) clia phan dng viét 13 :

AG =RT(nII, - inK,) (X1.24)
aday :
Vli Vi V2
P ) P p
Iy = InT—5 = [t B2 (X1.25)
Vi V] 2
Pa, Pa, Pay-

trong d6 céc dp sudt rieng phdn 14y & mot giai doan tuy ¥ khong phai 1a
trang thai can bing hod hoc.

- b) Hdng 56’ can bing K. Giiia p; va ndng do c; clia khi i trong hén
hop khi If tudng, c6 hé thic p; = ¢;RT. Pua gid tri nay cia p; vao (X1.23)
va néu dat :

A\«’=(Vi +Vl2 + ...)—(vl + vy +,“)=const

- thi s& duoce :
c;‘ CE '
Kp(M=| —=2—| . R : (X1.26)
1 2 '
cAl |’.3A2

ch

VikK, la héiing s6 chi hu thu6c vao T nén v& phai ciing phai cé tinh
chit nhy & v€ phai (RT)" 1a mot héng s6 & T const, do d6 phin con lai
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ciia V& phai ciing phai 1a mdt hiing s6 chi phy thudc vao T, goi 1a hdng
s6 cdn bang K,

v V1 vy

! c

K,=T|—| = By B, (X127)
i c¥1 vz
A A CA,

cb cb

(X1.27) 12 mé6t dang chia dinh fujt tic dung khéi lugng ma Gunbe va
Vagio di thu dugc nam 1867 ; & day né biéu thi méi lien he dinh
luong giira néng do ¢, cha cic khi trong hdn hgp i twdng khi c6 cin
bing hod hoc.

Dua K vao (XI1.26) s& duge phuong trinh lien hé K, véi K & cing
nhiét do T d6i v6i phan ng khio sat :

Kp =K (RT)AY (X1.28)
Néu V tinh ra lit, p ra atm thi R = 0,082/.atm/d$.mol.
¢) Dai luong K. Giita p; vA phin mol x; cha khi i trong hén hop khi If
wéng c6 hé thiic p; = px;, p 1a 4p suft toan phin clia hén hop khi. Dua
gid tri d6 cia p; vao (X1.23) s€ dugc :

Kp= K,p*" (X1.29)
Ky cddang:
V; "1 2

X X xp2
K;=01 B_i = ."31# (X1.30)

Xy Xy X2,

' Jeb ! 2 Jeb

Ky =Kp.p™ (X1.292)

V1K, chi phu thugc vao T nén (X1.292) cho thdy rang dai lugng K,,
khdc véi K, khong nhimg phu thuéc vao T, ma con phy thude ca vao ap
suft toan phdn p clia he. N6i khac, & T = const, trong khi K, 12 hang s6,
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khong phu thuse vao p thi K, bién thien theo p, tiic [a K, khong phdi la
héng s6 cdn bdng (mot dai luong K chi 12 hing s6 can bang khi n6 la
hang s6 & T = const).

K, chi ia hing s6 can bing khi Av = 0 (phan ting khong c6 su thay

déi s6 mol khi), khi d6 né déng nhat vé1 K Con khi Av # 0 ma goi K,
12 hing s& can bing thi cdch goi nay I khOng chinh xéc.

d) Lién hé gittla Kp,, K. va K,

K, =K RT™ =K, p*| (X1.31)

- Chi trong trudng hop duy nhit, khi Av = 0, nghia 1a d6i véi nhiing
phan ting khong c6 si thay déi s6 mol khi thi 3 dai lumg K. K, VA K,
méi bing nhau :

K, =K, =K, (khi Av=0)
Khi Av # 0 (phén tng c6 sy thay d6i s6 mol khi), K, c6 the bing K,
khi p=1: K, 06 thé bing K khi RT =1, khi d6 T= I/R = 10,082 =122 K.

e) Vé gid tri béng s6 va thit nguyén cia K Ko va K, Vi phdn mol x
12 mot dai lugng ti d6i, khong c6 thit nguyen nén K, ciing khong c6 thit
nguyén.

Khi Av = 0 thi K, =K =K, do d6 Kp va K trong trudng hop nay
ciing 13 nhiing dai lu‘o‘ng khong cé thi nguyén g:dng nhu K,.

Khi Av = 0 thi néi chung, cdc hang s6 can bing Kp: K, 12 nhitng dai
luong cé thit nguyén.

Nhung dir ¢6 thit nguyén hay khong thi d6i véi cling mot phan iing,
tity theo chiéu phan tng duge xét va tity theo cdch ghi cac hé 56 ti lugng
ctia phan tng ma mot hing s6 can bang c6 thé nhan nhing gi tri bing
s¢ khédc nhau.

Thi du 1. & 450°C, d6i vé6i phan img tdng hop (hay phan 1i) NH,
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1 3
1 =Ny +=H, =NH
) 2t H, 3

Puny -1
Kp =K| = W =0,00649 atm

Ny "Hy
bdi vi:
[4p su&lf
2} . N, + 3H; =2NH,
2
Ky = 2 _ 2 - 0421.10% atm
pNz pHg
172 372
Py, P
3) NH3 = '1—N2 +—3-H2 : K3:M = —-l-..
. 2 2 PNH, Ky
1 |
Ky=—-= = = 154,1 atm
K;  0,00649 atm’
PN, Ph 1
4 2NH3=N2+3H2;K4=—§32—H-2.=K§=_?
PNH; Kj

K4 =2,37. 10° am?.

Thidy 2. G 1= 830°C vi p=latm, phin img trong pha khf :
2H25=2H2 + Sz

6 hing s6 cAn bing :
C% . 5
K. = —3—i2 = 0,79 . 10" moljt
CH,s

K. c6 thit nguyén :

_ Inéng dof

K.
(K] [néng dof

= [ndng d¢]

Néu ddi don vi ndng dé ra milimolli = 10'00 molil thi néng 46 s& biéu thi bing gi
tri m6i 16n hon gia tri ¢i 1000 I4n, do d6 ;
K.=0.79.10 . 10° milimolyt

=0,79 . 107 milimol/l.
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3. Céan béing hoa hoc déng thé trong pha khi khéng If tudng (hén
hop khi thyc) .
D61 v6i khi thyc i, a; = f;, tic Ja hoat d¢ a; cia khi chinh 12 hoat 4p f;
ciia n6, do d6, d6i v6i phan ting trong hén hop khi thc, K, =K; & day
Ky 12 hing s6 can bing chi phy thudc vio T va ¢6 dang :
Vi Yl ¢V2 '
K¢(T)=I1 R L (XL32)
fi £l 2.
' ch ! 2 ch
Phuong trinh ding nhiét ciia phan ing (XI1.22) tr& thanh :
AG =RT(nIl; - InK;) (X1.33)

vai
_ £ M f".z...
g =m1-B - BB

]
Vi Vi V2
o f2.

va AG® = -RTInK; (X1.34)

C6 thé tinh f; theo quy the gin ding (VIL65) :
f =3,
0day f' I hoat 4p clia khi i nguyén chat & cimg T nhu hén hop khi va cé 4p suat p?
béng ép susit toén phén p ciia hén hop ; dai luong £’ c6 the tinh theo (VIL66) :
' =vp =vip
¥i 12 h¢ s6 hoat do cia khi i nguyen chét tai dp sugt Py = p.Dsi Vi khf i nguyén
chdt, & trang théi chudn £° = p? = p = 1atm, khi 46 ¥ = 1 ; & cdc trang thdi khéc, cé
thé tinh gén diing £° theo nguyén 1 trang théi twong ing (xem ch. VI, §2).
Két hgp (VIL65) vai (VIL66) dugc ;
fi = }'ipxi = Yipi ) (XI.SS)
tirdé, n&u dua f; = y,p; vao (X1.32) s& duoc ;

v, v
Yy Py
Ke=Tj—5| 1[0 = KK, (X1.36)
" PR
ch ch

103



trong dé :

vy noye
Ky s T2 e (X1.37)
YA Tap - Yoo
] cb

D6i vi can bing hod hoc trong hén hop khi thire &T = const, céc dai lugng Ky va K,
ndi chung déu khong phai 12 hing s6 vi chiing déu thay déi theo 4p sudt toan phén p ciia
hén hop. Nhuhg tich clia Ky v6i K, tifc 13 K; thi diing 12 hiing s6 5 T = const, khong phy
thudc vao p.

Néudua gid i f; = y; px, tir (XI.35) vo (X1.32) s& dugc :

K; = KyK, p&¥ (X1.38)

B6i v6i hén hop khi thye, K, trong (X1.38) cling khong phéi 13 hing s6 & T = const,
viné ciing thay d6i theo p.

Tom lai, d6i véi cén bdng hod hoc trong hén hop khi thie, chi Kemdi duy nkat Ia
hing sé'a'f'I_' = const, khédng phu thude vio p. Gis trj cla K déng nh#t véi Ky khip=1aim,
Kf gilt nguyen gié tri nay & nhitng 4p sudt cao hon, mién 1a T = const, trong khi d6 thi K,
thay déi theo p, va K, ciing vay.

4. Cén biing ho4 hec ddng thé trong pha Iéng

a) Dung dich Ii tudng. Doivéi cdu nir i trong dung dijch 1f tudng, a; = X;
(thang néng d¢ phan mol x,), do d6 d6i véi can bing hod hoc trong
dung dich If twdng, K, = K, va phuong trinh ding nhiét cia phan ting c6

dang : AG=RT(nIl, —In Ky) (X1.39)
v; Vi V2
X Xp' X2...
I, = 1 B, B B,
v; v LV,
Xa,  Xa, XA
v "'.1 \p)
X Xp! X2 ...
Ke=I| 2| = DB (X1.40)
i I 2
Xp, Xa, Xay:
cb cb
AG® =-RTinK, (X1.41)
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C6 thé chuyén 6 K, sang K, nhus sau : Néng do mol - thé tich c; cia i trong dung
dich lac; = njfV, n; 12 s6 mol i trong thé tich V clia dung dich, do d6 0 =g Vv

I ciV _ C; i

X = =01 = =—L = k¢; viik= — (X1.42)
11 ZC]V Eci ) ZCI'
Dura gid tri ndy cia x; vao (X1.40) duge
o2 I :
Ky = |2 | kY = K e (X1.43)
cp clE <)
<b
Hing s& can bing K 12 :
1.':‘;i c;l' c‘rrz
K =Mj—-| = #‘Z; ‘ (X1.44)
cAIi C,A] CAZ...
ch cb
0. Av
K. = K, (Zcp)™ = 1({%] (X1.43a)
Chii ¢ réing :
1

Zep=cAy+cAy + ..+ cBy +cBy + ..+

1}
& day M, 13 khoi Iuong phan o clia dung moi con M; [a khdi lupng phan fir cic chati G2 1)
trong phén dng (X1.5) va tan trong dung moi da cho, p 1 khéi luong riéng chia dung dich.
" b) Dung dich thire : Hing s6 cin bing chi phy thutc vaio TR K, .

Trong thang néng do x; thia; = Yx.i - Xi3 ¥x; 12 he 56 hoat d¢ ciia i trong thang x. Dua
gid tri d6 ciia a; vao bidu thifc (X1.20) chia K, sé duge :

K. = K, -K, - (X1.46)
trong do :
V‘ V.
LM A
K, = _%B T TxBy T (X1.47)
X ¥ W
Toa, * Ty
cb

Vicic he s6 hoat 46 v, ; va do d6 K, phu thudc vio néng d¢ x; ¢lia cic chit i rong
dung dich thuc cho nén theo (X1.46) K, = K, /K,, ciing phu thugc vao cic néng do
X;- N6i khdc, & T = const, K, v K,  thay d6i theo néng do. Chi K, = K,, -K; méila
héng s8 & T = const.
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Trong thang néng do molan m; hay néng do mol - thé tich c; thi & =y ; m; hodc
3= Yi¢,0d8y 1, hay ¥c,i 12 hé s6 hoat d9 trong thang néng do trong dng. Khi d6 :

Ka= Ky, K hotc K, = K, .K, : | (X148)

Ky, boic K, c6 dang wong ty (X147), chi phii thay v, bing v, hoac v,. Céc dai
luong K, . Ky, K, . K, ciing déu thay déi theo nbag 0. Chi duy nhdt K, mo Ia hing
56 & T = const d6i véi cdn bang hod hoc trong dung dich thue,

€) Dung dich thuc va lodng. DSi v6i dung dich rat loang, céc 7y, ,
Ym » Yo d€u bing 1, cic Ky Ky, » K, cting déu bing 1. Khi dé K,,
K K¢ méi trd thanh hing s6 & T = const. Céic gid trj bang 56 cla K,,
K va K, 1a khdc nhau nhung ti 1 v6i nhau.

Trong trudmg hgp chung :
X = M _ & (X1.49)
Zm;  Zg
trong dé :
Zm; =Ma, My, +..+ mp +mp, +..+ ! (X1.50)

0

Zc; =cp, +Cp, to cgl +Cp, +.. i-dl-—(IOOOp -ZciM;)
4]
He thic cudi nay lip lai he thic (X1.45) d trinh bay & trén. Tir d6
suy ra dé dang : '

K, =_£1A_=_I.<cT (XL51)
Em)™ ()™
bét1 véi dung dich vo cung loang :
m; ~ 290 i 5 20000 (X1.52)
MO ! 4]
dodé:
' ' C\Av Av
M M
K, =K, [ —2 =K o X1.53
x “‘[1000] °(1000pJ (X1.53)
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§4. UNG DUNG CUA PHUONG TRINH DANG NHIET
VA cUA THE PANG AP CHUAN CUA PHAN UNG

1. Phuong trinh ding nhiét va chiéu ciia phan (g

Phuong trinh ding nhiét clia phan img cho phép d4nh gid kha ning,
vé nguyen tic, thyc hién phin ing theo chidu sio dé. D6i véi phan ting

(XIS) : vIAl + V2A2 +.5 VIBI + V2B2 +.

& T, p di cho, ta tinh AG ciia phin ing véi gia thiét phan ting dién ra
theo chiéu thusn (tir tréi sang phai) :

1) n€u AG < 0, phan ting c6 kha nang dién ra tu nhién theo chiéu di
gia thiét ;

2) néu AG > 0, phén ting khong thé dién ra theo chiéu di gia thiét,
chi ¢6 khé niing dién ra theo chiéu nghich (tix phai sang trai) ;

3) n€u AG =0, h¢ & vao trang théi can bing hod hoc.

Thi dy xét phin fing : CO + H,0 (k) = CO, + H,

Gia thir 14y CO & 10 bar, hoi nudc HyO & 5 bar cho vio phong phin Gng & 700°C
v6i myc dich muén diéu ch€ CO, va H, & 1,5 bar, bigt ring & 700°C, phin ing d6 c6
K, =071.

P *

DE dénh gi4 kha nang 1 thuyét ciia qué trinh, ta giA thiét céc Khf 13 i tuomg va tinh
AG theo phuong trinh ding nhigt (X1.24) ciia phan tng :

46 = RT| ;PP _ K,
Pco PHo

AG= 83149?3[ 1’5015

—in 0,?1]
5
AG =~ 22315,78 ] < 0. V4y phin ting c6 khi ning xdy ra vé nguyén tdc. Chié ¥ ring
day méi chi 1 kha nang vé nguyén tic. Phan éing c6 thue sy dién ra hay khong, diéu niy
cdn tuy thudc vio nhimg yéu 16 déng hoc (t6c do phin ing). Néu AG << O ma phin dng
khong dién ra, d6 14 do c6 ahimg cin trd v& mat dong hoe. Thidu & (= 25°C, p = 1 bar,
phin tng :
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H2+%OZ=H20 o

c6 AG3yg =—228,378 kifmol, song phan tng khong didn ra. Nhung néu dura vao hé mt
chat xiic tic thich hop thi phan ung s& dién ra v6i tdc 40 i6n va thyc & cho d&n hét.

2. Thé€ diing &p chudin va chidu cGa phan img
C6 thé ding mot cich tién li thé ding &p chudn AG® ciia phan g
dé dénh gi4 kh nang thyc hi¢n phan img vi AG® dé tinh hon AG.

1) Khi AG® « O thi, phit hop véi AG® = - RTInK,, hng s8 cin bing

K, s& 4t 16n va phan fmg c6 kha nang vé nguyeén tdc thuc hién khong
nhiimg chi trong diéu ki¢n chudn, m ca trong nhimg di€u kién bat ki bdi
vi 8 ¢6 thé déi duge ddu chia AG thi phai 1am ting gid tri tuyét doéi s6
hang thit nhét vé phai phuong trinh déng nhi¢t cha phén ing :

YV V-
a‘la 2.

' a an
AG =RTlh—'—2— -RTIiK,

mot huong thuc t€ khong thé nao dat duge.

Két luan nay 1a ddng, dac biét, d6i v&i phdn ting hinh thanh hop chdt
tit don chét. Do d6 c6 thé néi hop chét 12 bén hay khong bén nhiét dong,
tuy theo thé ding dp chudn hinh thanh hop chét tir don chat, AG® <« 0
(hgp chat bén) hoic AG® 3 O (hop chat khong bén). Hop chil bén 1a
hop chiat ¢6 khi nang hinh thanh tir don chét; hop chét khong bén 1a hop
chét c6 kha nang phan tich thanh don chat. '

2) Néu AG® >0 thi phan iing s& dién ra & miic khong déng ké. Dic
biet, néu AG® rt 16n thi khong thé tao ra duge nhimg diéu kién c6 loi
cho sy dién bién clia phan ing.

3) Néu AG® bé vé gid tri tuyet doi (AG® c6 thé > 0 hoic < 0) thi
khong thé riit ra ket luan gi vé chiéu clia qua trinh. Thi du, déi v6i phan
img téng hop NH3, AGEy3 = 24,16 KJfmol > 0. Nhimg & 400°C, véi chit
xtic téc thich hop, thi vin thyc hién dugc phin ing tdng hop NH.
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D& tinh thé ding Ap chudn cia phin Ung tir nhimg thé dang 4p chudn
hinh thanh hop chat tir don chét, ta c6 thé ding quy tac tyong t nhu quy .
tc tinh hiéu vmg nhiét cha phin ing {ir cdc sinh nhiét (nhiét hinh thanh) © -

AG30g.pir = T(AG39g)cusi ~ 2(AG308 1 adv (X1.54)

3. Sy t8 hop can bing va tinh gian tiép can biing

fch 1gi thuc tién co ban clia cic thé€ ding 4p chudn AG® ctia phan \ing
13 n6 cho khé nang t6 hop cdc can bing va tinh hing s6 can bing d6i v6i
nhifg phan iing chura c6 dit Kién thuc nghiém hay khong thé nghién ctiu
truc ti€p bang thuc nghiém. Cich tinh cing tién hanh twong ty nhu tinh

hiéu vmg nhiét cia phan \ng theo dinh lut Hetxo.

Vi G I ham trang thii cia hé nén AG® chi phu thudce vao trang thai
dau va cudi cha he, khong phu thude vao dudmg di.
Thi du. Xét nhitng phén ing Scing nhigt do T :

ZC(graphlt) + 2H2 = C2H4 &
C2H4 +H; =C2H6 (1D
2C(graphit) + 3Hy =CHs (i)

D& thily ring phén tmg (1I1) 2 18ng chia 2 phan tng () va (1)
(M= + (1D
dodé: .
AGY, = AGY + AG])

tiic 1 c6 thé di thing 1ir C (graphit) va Hy dén etan C,Hg bang phan ing (1) hodc qu
trung gian h](l)]h thinh etilen C;H, theo phin ng (1) r6i sau 46 hidro hod etilen theo phi
mg (1), AG~ trong hai cfich d6 phdi bing nhau.
Tirdé6:
_RTIK g =— RTURK + inKyp)
hll(lu = IﬂKl + fﬂKH hodc KII‘I =.KI . K“

Riing cch d6 tinh dugc gidn ti€p hang s& can bang Ky ciia phan éng (111} dya vi
nhimg gid tri da bi€t Ky va K clia phan ing Mvadl.



§5. ANH HUONG CUA AP SUAT LEN '
CAN BANG HOA HOC

Ap susit khong c6 dnh hudng déng k€ len can bang hod hoc trong pha
16ng vi pha long 1a khé nén. Do db, ta chi xét anh hudmg cia 4p sudt 1én
can biing hod hoc trong pha khi va € don gian ta gia thi€t pha khi 1a
hén hop khi 1f tudng. D6i v6i can: bing hod hoc trong hé khi I
tudmng, ta ¢ : '

Ky=K,.p™
tir dé : '
InK = InK , - Avinp

L4y dao ham theo p 6 T = const

[EﬂnKx ] _[afﬂKp } _Av [alnp]
® jr \ % ) % )1
Pai voi he khi If twong, K, chi phu thugc vao T, khong phu thude
vio p, do d6 (8InKy, /0p)y =0con Blnp = op/p va dinp/op = /p , vay :

(BIHK"] =_.‘6_V-_—_£ (X1.55)
o Jt p RT o

vi pAV = AVRT. Tux (XI.55)suyra:

1) n€u Av = O (phan img khong c6 sy thay d6i s6 mol khi) thi K,
khong thay d6i theo p, tiic 1a sy thay d6i dp sufit & T = const khong lam
thay ddi vi tri ctia can bing hod hoc ;

2) néu Av < 0 (phan tng c6 sy gidm $6 mol khi) thi

[ame} >0
op Jr

nghia 1a 3 T = const, K, bién thién ciing chiéu véi p. Néu p tang thi K,
ting theo tic 1a can bing chuyén dich theo chiéu thuan, tir trdi sang phai,
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14 chi€u lam giam s6 mol khi (tic 1a chidu Jam gidm bét 4p suf) : rhimg
lvong nao d6 nhimg chat ddu A |, A,.... phin tng v&i nhau d€ hinh thanh
thém nhilng lugng méi nhing chat cu6i By, B,,...

3) Ta ciing s& dige nhiing két qua tuong ty nhung nguge néu Av> 0
(phan iing c6 su ting s6 mol khi).

. Nhitng diéu néi trén phit hop véi nguyén 1i chuyén dich cAn bing
Lo Satoli¢ - Braun. Do dé ¢6 thé xem (X1.55) 1a biéu thiic dinh lugng
ciia nguyén li nay dp dung cho s chuyén dich c4n bing hod hoc duéi
tic dung cua 4p suat.

§6. CAN BANG HOA HOC D] THE

1. Binh nghia va thi dy

Can bang hos hoc dj thé 1a can bing trong nhing hé ma cic chét phan ing c6 mat &
nhitng pha khic nhauo. T]_li du, c4n bing trong phan ting khir FeQ bing khi CO :

Fe(X(r) + CO = Fe(r) + €O, O

& day 6 2 pha rin : mdi chét rin nguyén chdt FeO va Fe | mot pha rieng (pha rin
nguyeén chit) khong hop thinh dung dich rin véi nhau hodc vi pha khi; con cdc khi CO
va CO; thi hop thanh mot pha khi duy nhét.

Mat thi dy khéc, sit nhigt phan clia CaCO; (nung voi) :
CaCO05(r) = CaO(r) + CO, - ldD

. & day ¢6 3 pha, méi pha [2 mot chat nguyen chat : pha rin CaCOs, pha rfn C20 va pha
khi CO,.

2, Pinh luat tac dung khoi Iudng d&i voi can biing hoé hot dj thé
Phuong trinh (X1.20) :

K, (T)=| — 2 (X1.20)

1a biéu thic t6og quét nhdt ciia dinh luat tic dung khéi luong, ding cho moi hé bt ki,
ddng thé ciing nhur di thé.
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Théng thuimg nhat, nhimg pha rin vA doi khi nhitng pha 1ong ¢6 m3t trong phén dng
di thé 12 nhitmg chat hod hoc (ahimg c4 nhaAn hod hoc) thuc 1€ nguyén chal, hoat o cla
chiing chi phy thuge vio nhiét d6 (4p sudt chi c6 dnh hudng r4t nho, khong ding k& dai
v6i nhiing pha ngung ty). O T = const, hoat d6 clia nhimg chit 6 12 nhimg hing s8, c6
thé gop vio hing s6 can biing clia phuong trinh (X1.20). Néu difu ndy xdy ra d6i v6i moi
pha ngung tu cha phin fing thi & phuong trinh (X1.20) s& chi ¢dn ¢6 hoat 86 a; cha cic
cdu tir kh{ khi ¢6 cin bing vi a, = f; d&i véi khi thuc i, a; = p; d6i v&i khi Ii neéng i, con

nhiing d4c tnmg ciia céc cfu tir ngimg tu s€ khong bidu thi & dang ré ring trong phwong
trinh &y.

Thi dy, d6i v6i phin img (I), hing s6 can bing I :
K =200
P
Pco

va d6i v6i phan g (I1) (nung voi), hing 56 cin bing 1a :
' K =Pco,
i v6i sir nung voi, & mdi nhiet 45 T, 4p sudt Pco, 12 mdt hing s6 khong phy thude
vao lwong CaCO; va CaO o6 mit trong he. Ap susft can bing d6 ( Pco, ) 80t 12 dp sudt
phdn ii. '
Ta cting dugc két qua tuong ty d6i v6i nhilng phin dng dj thé chi ¢6 mot cu tir &

trang thdi khi. Dac biet, nhimg phin dng phan ki cacbonat, hidrat (tinh thé ngam nuéc),
amoniacat, mgt s8 oxit, sunfua v.v... déu thudce loai d6. Thi du nhimg phén dng :

MgCO3(r) = MSO(I') + C02
4Cu0(r) = 2Cu, 0 (r) + O,
MgSO4 . 7H20 (r) = MgSO4 . 6H20 (l') + Hzo(k)
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CHUONG X1I
ANH HUGNG CUA NHIET DO LEN CAN BANG

HOA HOC. NGUYEN Li THU BA CUA
NHIET PONG LUC HOC

§1. SU PHY THUOC CUA HANG $O CAN BANG
VAO NHIETBO

1. Phuong trinh ding ap va dng tich cta phan img hoa hoc
Ta viét phuong trinh Gipxo — Hemhon (V.25) d6i v6i phan ing chuin

$€ dugc :
1] L4)
d|a6|__AH (XIL1)
dT! T T2

AG® 12 thé ding 4p chudn ciia phan tmg, trong trudng hop téng quat
¢ dang :

AG’ = -RTinK,
Dua gid tri nay cfia AG® vao (XI1.1) s& duge  phuong trinh Van Hép :

dinK, _AH®

T - (XIL.2)

AH® 13 entanpi chudn cila phan tng : d6 13 bién thién entanpi (hodc
hiéu \ing nhiét clia phan tng & p = const) khi cdc chét ddu clia phan iing
& trang thdi chuén cho nhimg chit cusi ciing & trang thdi chudn & 4p suit
latm. Vi hiéu tng nhiét clia phan tng chi phu thuéc khéng ding k€ vao
dp sudt, nén ta ¢6 thé bd chi s§ "o" & hiéu ing nhigt. Vay AH® = AH va
c6 thé thay (X11.2) bing :
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[ﬁsza] _ AH (XIL3)
or ), RT?

Phuong wrinh ndy goi 12 phuong trinh ddng dp cda phdn img. Vi K,

chi phu thudc vao T, khong phu thudc vao p, nén ¥ nghia clla phuong
trinh dang 4p chi la & ché trong phuong trinh c6 hiéu tng nhiét dang dp
ctia phan (ing.

Déi véi phan ting trong hén hop khi i tudng, K, = K. phucong trink
ddng ap ciia phan (mg c6 dang :

olnK g AH Qp
aT RT2 RT?

(X11.4)

D3i véi phan ing & thé tich khong déi, ta s& dugc phuong trinh dang
tich cua phdn g :

oK, AH Qy
ar RT_2 RT2

(XILS)
Chimg minh :

K. =K, (RT)™

K, =K, - AVInRT

dink, _ dinK —Av dinRT

daT -dT dT

dingT < SRT _RAT _dT _dinRT _ 1

RT RT T dT T

disk, 8Ky, Av_ Qp Av

4T dT T RT2 T

dinK . Qp -AVRT @y, AU
dT RTZ  RTZ RT?
béi vi theo (I11.3) Q, =Qy + AVRT

Phuong trinh ding dp va ding tich clia phan ng hod hoc dugc
Van Hop thiét 1ap ddu tién (1885).
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2. Su chuyén dich can biing hoa hoc dudi tac dung cua nhiét 46

C6 thé gop hai phuong trinh ding dp va déng tich ctia phan img thinh
mét phuong trinh chung nhir sau :

dinK ~ Q
dT RT?

Ks€la K, néu Qzvaasé!h K. néu Q=Qy.

Phuong trinh nay cho phép tién doén chiéu chuyén dich can bing hod
hoc duéi tic dung chia nhiét 30, Gia thir phan ing sau, tir trdi sang phai
1a thu nhiét (Q > 0) :

A+B=C+D.  (Q=0

Khido 7K

>0, titc 1a néu T tang thi /4K va do d6 K tang theo. K

tang c6 nghia 1a lugng cdc chat san phdm C va D tang con luong cic
chat dau A va B giam di. Vay su tdng nhiét do lam cho edn bdng chuyén
dich sang chiéu vng vot phdn dng thu nhiét, diéu ndy pht hop vdi
nguyén Ii chuyén dich can bang Lo Satalié - Braun. Do dé cé thé néi
phuong trinh dang 4p va ding tich clia phan tng 1 bifu thic dinh hugng
cua nguyén li Lo Satolié - Braun 4p dung cho su chuyén dich clia can
bang hod hoc duét tic dung cha nhiét do.

3. Tich phén gan dang phuong trinh Van Hop
Neéu gia thiét AH = const (JACp = 0} thi tir (XI[.4) :

AH dT

Ak, =2~ S XI1.4a
P =R 2 (XI140)
Ir:Kp=£I£+I'=—§£ +T
R J T2 RT

I' 1a hing s& tich phan. Chuyén sang logarit thap phan :

AH r
1gKp=- +
8,314.2,303T 2,303

115



1K, = % +B o (XiL6)

A = - AH/(8,314.2,303) va B =1/2,303 12 nhiing hing s6. (XII.6) cho thiy
tgl(p phu thuéc theo dudmg thing vao 1/T. D6 dbc clhia dudmg thing bing :
___AH 4 |
8314.2,303

Néu A> 0 (wic Ia AH < 0, % |
phan tng t6a nhigt) thi /gK, T - Ko ARC@
va do do KP s& ting khi T

giam, tic 1a khi 1/T tang (hinh - . AH>0(b)

XII-1a). \< ______
Néu A< 0 (uic 1a AH> 0,

phén img thu nhiét) thi /gK,

va do d6 K, sé gidm khi U/T

tang (hinh XII-1b).
Con hing s6 B thi bang

tga =

Hink XI1-1. Sy phy thuge ciia [gK, vao -_:-;

tung d6 géc cha dudng thing. a) khi AH < 0 {tod nhigt)
Co thé tich phan phuong trinh b) khi AH > O (thu nhigt)
(XII.4a) giita hai nhiét d¢ T, va T, s€ dugc :
K
In el 4 I AH [L _ L] (X11.7)
KPaTl Ry T
hoic
K
pT; _ AH (i —i] (XIL7a)
Kp,Tl '8,314.2,303\T) T,

Trong nhitg phuong trinh nay, AH 1a gid tri trung binh cila hiéu ing
nhiét clia phan ng giita hai nhi¢t 40 T; va T, :

!
AH ~—(AH7, + AHr,)
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Nhiing phuong trinh (XI1.7) cho phép lam hai loai tinh :

a) Xac dinh Ky, 1, khi da bi€t K, 1 (thudng T, = 298K) va AH cia
phan g ;

b) Xdc dinh AH clia phan iing khi da biét Ko va Ky .

4. Tich phin chinh xac hdn phudng trinh Van Hép

Dé [4y tich phan chinh xdc hom, cén phai k€ dén sy phu thude AH ciia phan ding vao T.
Theo dinh luat Kiec Hop (1118} :

dAH

=AC, hay dAH = AC pdT
dT

tir d6 -
AHp = AH, + ] ACdT - (XIL.8)

AH,, Ea héng s6 tich phan. AC, thutmg 6 dang (111.13) :
AC, = An + ABT + AcT? + 25 (XI1.9)
TZ
Khi dé :

fac,dr= I (Aa + ABT + AcT? + %J dt =
T

= aaT + L abT? 4+ Laer? 8¢ (XIL10)
2 3 T
Pua (XI1.10) vio (XI1.8) :
1 2 1. 1 A
AHy = AHg + AaT + T+ 2 aeT? - 2o (XIL11)

Tir (XIL4a), 14y tich phﬁn :

!nl( =—

_[ Ahdl (XIL12)

Thay AH trong (XI1.12) bing bidu thic (xn 11):
AHg + AaT + - mﬂ"2 +Lacmdi

oy = | 2 TdT+I’—
=lj[ﬂ+ﬁ -l—Ab+1AcT—£ dT+1'=
R ™ T 2 3 T3



AH, | Aa Ab_ Ac

A o i
=— T+ —T+ —T2 4 =T 24T X113
RT R T2ZR 6 R (XIL13)
hoac :
IgK,=- A, | da 8T + ab ., _4¢ g2
19,15T 8,314 38,29 114,88
Ac'

T2 1" Xil.14
38,29 ¢ )

trong d6 1" = 12,303

Mat khdc, AG® = -RTin K, do dé néu nhan 2 v& ciia (XIL.13) v&i (~ RT) s& duoc :

AG® =AHg - Aa T inT - —;-AbTZ —%ﬁcT3 - %AC'T_' +IT (XI1.15)

trongd61=—RI'=-8,314T

Dé tinh K, hodc AG® & T b ki, trong tsrdmg hop chung, cdn biét :

13 Su phu thudce Cp viio T ddi vdi moi chat trong phan dng ;

2) Mot gia ln clia AH & nhiét 46 T d€ x4c dinh AH,, theo (XIL11)

3) Mot gid tr cha Kp hoic AG° & nhiét d6 T. Khi d6, thé (Kp)'f vao (X11.14) hodc thé
(AG®)p vio (XIL15) s& tim duoc hiing s6 tich phan I* hodc 1.

Sau khi dd xdc dinh dwgc AH,, va cdc hing s6 tich phan thi ¢6 kha nang tinh duoc K,
hodc AG” & moi T béit ki.

§2.DINH Li NHIET CUA NECXO. NGUYEN Li THU BA
CUA NHIET BONG LUC HOC

1. M3 diu

Vé miit lich sir, dinh li nhiét cia Necxo (Nernst) ra dbi nadm 1906 nhim dé€ gidi quyét
vin d€ 4i [uc hod hoc. Nhr 83 néi, d6 do 4i lye hod hoe cia cde chii trong tuomg tic hod
hoc khong phai 12 hiéu tng nhiét cha phin dng nhwr nguyen 1i Bectold (1867) da khing
dinh sai 14m, ma £ cong cia phin dng, vic 12 biing d6 gidm cia cc the uhi¢t dong, nhu
Gipxo (1876), Hemhon (1884) va Van Hop (1885) dii chimg minh ding dén :
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ofp=—AG;d\,=-AF

Déi v&i AG, tir phuong trinh Gipxg-Hemhon (V.25)

d (AG]__E
dT\' T T2

taco ;
AGY  AH
a[28}._aH
( T ] T?
14y tich phan :
—-—_f daT+1
e Ia :
AG= ~T I% dT+IT (XIL16)

I 1a hiing s6 tich phan khéng xdc dinh. Nguyén 1i I va II khong cho kha nang tinh duoc |
bing li thuyél.

Ciing vay, d6i véi AF, tir phuong trinh Gipxo-Hemhon :

EXEAR
dT\ T T2
sy tich phan ciing 1am xuat hién tich phan kﬁOng Xdc dinh I

AF= -T ﬁr_[; dT + 1T ' (XILIT)

Nhu véy, khong thé fim duge gid tri tuyét d3i cha di lye hod hoc Hp ho.’ac =Ay,. Khé
khan nay chi duge khic phyc ehi dinh I nhigt cia Necxa.

Khé khian twong e ciing d3 gap phdi khi xdc dink gid tr tuyét déi ciia entropi. Theo
nguyén li II, entropi duge dinh nghia bing mét phueng trinh vi phan :

|:IS=.5Q

d6i vai moi qud trinh thuan nghich trong he can bang. O p=const, 5Q = deT, dodé:
S

Sr=Sp+ J'CT—f'dT

0

Nguyen Ii T va II ciing khong cho kha nang tinh dugce gis tri cila hang 56 S, va nhu
he khéng tinh duoc gid tri twyét 46i ciia entropi.
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Su tich phan phuong trinh ding 4p hoac ddng tich cita phin img d€ tinh hang s6 can
bing K, hay K & cdc nhiét do khidc nhau ciing lam xudt hién hing s& tich phﬁn'ba't dinh
nhu & he thitc (XI1.14) hoac (XIL.15) :

D& loai hing & tich phan niy thi phai biét it nh&t mot gid tri cla Kp (hay K.) & mot

nhiet do T nio d6. Nhung viéc do Kp (hoac K} 13 mot cong viéc khé khan, phifc tap
hon viec do hiéu dng nhigt AH (hay AU} cda phin ing hodc do nhiét dung chia cdc chét
il nhiédu.

Sy phit trién munh mé cha nén cong nghiép hod hoc vaa nganh luyén kim héi ddu the
ki 20 doi hoi phai c6 ngay nhiéu s6 liéu vé cin bang & cic nhiét 49 khdc nhau. Do dé,
mot yéu cdu cdp bach dit ra hic by giér (A 1am sac c6 thé tinh dugc can bing hoan toin
- chi dya vao céc dai lugng nhiét (hiéu g nhiét va nhigt dung), trinh con duimg do dac
céc hing s6 cdn bing [3 con dudng khé khan val vi va doi hdi rat nhiéu thii gian.

Dinh 1 nhiét cira Necxo ra ddi ciing la dé dap (ing yéu ciu ny.

2. Dang th(r nhét dinh Ii Necxo

Sy kién thuc nghiém da din  AG AG
161 dinh 1i nhiét nhu sau, AH

Su so sdnh hiéu tng nhi¢t AH T
va thé dang 4p AG cia nhilng -
phén img dién ra trong cic pha .
ngung tu & nhig nhiét do khic - A AH
nhau cho thay & ving nhiét do \
thdp, gin Ao Kkhong tuyét doi, gid 0
tri cha AH va AG ciia ciing moi
phan iing tién lai gén nhau (hinh ., ) w7 2 Nhimg duomg cong AH = £T)
XII-2). vi AG = f(T) & viing shiét o thap (dudmg

Dinh 1i nhiét ciia Necxo la chidm chém tmg vdi su khong cé dit kign
mot tien dé thia nhdn rang khi thyc nghiém)
nhiét do ha thap hon nifa, AG va
AH cfia ciing mot phan g ti€p tuc lai gdn nhau, sao cho & 0K, céc
dudng bién dién ti€p xic nhau, c6 mot ti€p wyén chung song song voi
truc nhiét do (hinh XII-2).

(J dang todn hoc, didu khéng dinh d6 ¢6 thé dién ta nhu sau. Do6i véi
cdc phan dng (va cc qud trinh ding nhiét ndi chung) trong hé ngung tu
& T = const gan OK thi :

*
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AG=AH&T—>0 ' (XI1.18)

lim [aA—G] = lim (%} =0 (X11.19)

va

T-=0\ T T—0

tlic 12 AG va AH khong thay déi theo T nifa (néu nhiing dudng cong AG
va AH c¢6 tiép tuyén chung nhimg khong song song v4i truc T thi AG va
AH vin con bién thién theo T).

Nhimg két qua tuong ty cling thu duge d6i véi hiéu tmg nhiét AU va
the ding tich AF clia phan g trong céc hé ngumg tu & gan 0K :

AF=AU4T -0 (XI1.20)
lim (aA—F] = lim (aﬂ-) =0 (XI1.21)
T-0\ 8T Jy T-0\ IT Jy -

Nhur vay, dang thi nhat dinh I nhigt coa Necxo c6 thé cong thic hod
gon nhu sau : Déi véi nhitng phdn ting hod hoc (va cdc qud trinh déing

nhiét néi chung) trong cdc hé ngung tu T =0, AG = AH, AF = AU va
cdc dai lwong nay khong con phu thuéc vao nhiét do nita.

Chii § riing nhitng dang thitc AG = AH va AF = AU 6 T - 0, c6 nghia
12 nguyén 1i Bectolo chi diing chinh xdc & T —0, tai day chi nhitng phan
tmg tda nhiét mdi c6 thé xdy ra.

3. Dang thir hai dinh ii Necxa

Dinh 1i Necxa ¢6 thé biéu thi dudi dang thi hai, hoan toan tuong
duong véi dang thi nhat. Vi (8G/T), =— S nén (6AG!6T)p =—AS,
ciing vay tir (JF/8T), =-S5, suy ra (6AF/AT), =— AS; ngoai ra, theo
dinh luat Kiéc Hop (8AH/OT), = AC,, (AU /0T)y = ACy, do dd
(X11.19) va (XI.21) tr§ thanh :

Iim AS = lim AC =0 (XI11.22)
T—>0 T—=0 .
1irn AS=lim ACy =0 (XI1.23)

T-0 T—0
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nghia la, 6 T — 0, cdc phdn img (va cdc qud trinh ding nhiét néi
‘chung), trong cdc hé ngung ty giita cdc chat rén hay chdt Iong nguyén
chdt dién ra khong cé bién thién enirépi va khéng cé bién thién nhiét
dung. N6i khédc, & T - O‘entropi va nhiét dung cita hé ngung tu khong
thay ddi dusi bat ki tic dung nao nifa. :

4, D'ang thir ba dinh If Necxd

Tir diéu kién AC, = 0 va ACy = 0 & T — 0, Necxo chuyén sang

diéu kién : _
lim C, = lim Cy =0 (XIL24)
T—0 T->0
nghia Ia cho ring & T -» 0, khong nhimg AC, hay ACy cila h¢ ngung tu
bing khéng ma chinh C, va Gy cia méi chit ngung tu nguyén chét (méi
cd nhan hod hoc) ciing bing khong.

Day 1a mot dang méi ciia dinh I nhiét ciia Necxo, khong rit ra tir hai
dang trén, nhimg duoc thira nhén nhu mot tien dé, dya vio nhimg di
ki¢n thyc nghiém vé sy phu thudc clia nhiét dung vao nhiét dé va vao I
thuyét lugng tir clia nhiet dung.

5. Tién dé Pl¥ng (Planck)
Nim 1912, Plang da phat trién dinh 1§ nhiét cda Necxo them mét
bude bing cich chuyén tir diéu kién cia Necxo AS = 08T — 0sang
diéu kien :

imS =0 ho#c §,=0 (XIL.25)
T—0

Nhu viy, tien dé Plang 12 su thira nhin réng ¢ T— 0, khéng nhiing AS
cta phdn img (cia hé cdc chdt ngung tu) bdng khéng, ma chinh entrépi
S ciia méi chdt ngung tu nguyén chat ciing bang khong.

Tién dé Plang khong riit ra tir dinh 1i nhi¢t cila Necxo ma 1a mot bé
sung cho dinh 1f Necxo. Tuy nhién, tién dé Pling va dinh i Necxo
khong phai Ia hoan toan doc 1ap nhau, vi tir tien dé Pling S=06T- 0

suy ra dang thi ba clia dinh If Necxg GvaCy > 08T - 0. Thyc vay
theo dinh nghia clia nhiét dung :
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: oS o8
Cy=T|Z! vac, =T/
v .[ar}v" d [arl,

ta dirge, theo tién dé Plang :
: T
&V =const,dS = 9T g j' CydT (X11.26)
T 5T
, CpdT  TCpdT
¢ p=const,dS= , 3= | (XI1.27
T 5 T

Tir (XI1.26) va (XI1.27) suy ra 6 T -0, néu Cy v C, khéng —0 thi
Cy/T v CJT va do d6 entropi s& 16n vo han.

Nhu vay tién dé Plang va dinh Ii nhiét cia Necxo 1a hai vén dé c6 lien
quan vdi nhau. Do d6 khi néi vé€ dinh I nhiét clia Necxo, ngudi ta
thudmg hiéu rong ra 1a n6 bao gém ca tién dé Plang.

Ghi chit : Nhitng diéu n6i vé entrdpi trong tién dé Plang chi diing chinh xdc d6i véi
nhilng chét hod hoc nguyén chét, vic 13 timg ¢4 nhan hod hoc ma mang tinh thé cita
chiing duge xay ding li tumg, nghia la trong mang tinh the, moi nit déu dirge chiém déu
boi céc tiéu phan (phan t, nguyén i hay ion), cic tidu phan nay phan b& va dink huéng
¢6 quy luat déu dan. Nhimg tinh thé nay goi ld vr rdn li nedng hay hodn chink. Nhitng
tinh thé thuc khong phai 13 tinh thé If wiémg vi mang tinh thé ciia chiing khong dugc xay
dung mét cich Ii tudmg.

Trong mang tinh thé thuc mot s6 mit khong duge chi€m bi nhitg tiéu phisn cila tinh
thé, cdc tidu phan c6 thé dich chuyén ra khéi vi uf can bing va dinh hudng khong theo
quy lugt déu dan v.v... Tién d& Plang khong 4p dung cho nhimg tinh thé khong hoin
chinh dé. Tién dé Plang cling khong dp dung cho nhimg dung dich rén, nhitng hén hop,
bop kim, nhimg dang tinh thé gidi 4n (cAn bing gid), nhiing trang thai thiry tinh, nhimg
v4t rin vo dinh hinh, mét s6 hop chat rin & nhiét d6 thdp nhu CO, NO v.v... DSi véi
nhimg chét dé, S, ciia ching 16n hon khong, S, > 0,

6. Nguyén Ii thif ba clia nhiét déng luc hoc

Dinh li nhiét cia Necxa bao gém ca tién dé Plang thudng dirge coi 1a
nguyen Ii thif ba ciha nhiét dong luc hoc vi né khéng thé it ra tir nguyén
1i I va II ma biéu thi mot dinh lust méi chia t nhién.

V¢ 14m voc, n6 khpng c6 tinh téng quét nhw nguyén 1i I va Ii. Khéc
vdi nhimg nguyén Ii ndy, né khong din 14 su thi€t 14p nhimg ham nhigt
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dong ¢o ban ndo nhyv noi nang déi véi nguyén li I va entropi d6i véi
nguyén Ii II. N6 chi xac dinh gid tri gidi han S, clia entropi & T— 0 theo
(XI1.25). Déng thdi né ciing chi ra rang & gdn OK, céc vat ngung ty cd
mot loat nhig thude tinh dac biét, thi du nhv G, H, F, U, Cp, G vy,
khéng con phu thude vao nhiét do nita.

Nguyén li thit ba ciia nhiét dong lyc hoc ciing thudng dugc goi 1a
nguyén Ii khong thé dat 167 OK. Nhimg thude tinh ddc biét cla cdc vat &
gin OK lam cho chiing & vao-trang thai khong thé nao dat 6i 0K, Thue
vay, truSe khi t6i T = 0K, nhiét dung Cp cing nhu Cy, ciia cac vat di — 0,
do d6 khong thé nao 14y bét duge nhiet dé dat duoc chinh x4c OK. ‘

Trong thyc t€, chi c6 thé thyc hien duge nhimg nhiét do siéu thap,
cuc ki gan OK, nhung khong bao gi& dat t6i diing OK.

7. Su suy bign cia khi li tudng

Biéu thitc d6i vai entrdpi cla khi li twdng S = Sp + RinY + CinT thu dwgc tir phuong
trinh trang thai pV = RT khong thda min tién dé Plang boi vi & T — 0 né khong dan 16
S = 0 ma din t6i S > -w . Didu nay néi len ring & nhilng nhiét 4o thap, gdn 0K, khi tj
tuéng khdng con tudn theo phuong inh Clapiron-Mendeleep pV = RT ma xit su mot

cach khic. Trang thdi dic bigt cha khi Ii tudng & nhimg nhiet do thip gdn OK khong tudn
theo nhimg dink luat c6 dién got 12 su suy bién {hay thodi héa) cia khi I tuéng.

§3. AP DUNG NGUYEN Li THU BA DE TiNH
CAN BANG HOA HOC

I. PHUONG PHAP CAC HANG $3 HOA HOC
Truéc khi ndi vé phueng phip cac héng x5 hod hoc, ta hiy xét s dp dung nguyén I
thif ba dé nghién ciru phin img trong cic h¢ ngung tu.
1. Phan ing trong cac h§ ngung ty
D3i véi nhiét dung ciia chét ngung m & gin 0K, khong thé ding cong thic noi suy dang :

+

[
Co=a+bT+—

bdi vi & T— 0, cong thirc d6 s din 16i Cp — o, mau thuln véi nguyen 1i thit ba. Chi c6
thé ding céng thic dang : '
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C[.=:a|+l:"'l"+c'1‘2 + ... )
Theo nguyen 1i thit ba, & T—> 0, C,—> 0, do d6 a = 0. Vay d6i véi chat ngung tu, & '
gén 0K, C, chi cé thé c6 dang :
Cp=bT+cT +.. (XI1.28)

Néu ta chi gi6i han & hai s6 bang d4u ciia (XI1.28) thi AC, cia phin tng giita cdc
chéi ngung ty & gén 0K ¢6 dang :

AC, = AbT + ACT?
va cong thiic (XIL11) d6i v&i AH cia phin tng s& chuyén thanh :
AH = AH, +%m‘2 +-%ACT3 : (X1129)
& day AH, c6 ¥ ngha 1 hi¢u dmg nhiét cia phin ing 6 T— 0.
Trong trémg hop chung, AG cha phén dng tinh theo phirong trinh (XI1.16) :

AG=-T IﬁHz-drnT
T

DG v6i phan img gifa céc chdt ngirng ty & gn OK, ta dira biéw thic (XI1.29) cha AH
vao (XI1.16) s& duge :

AG= AH, - %Asz - %Ach +IT (XI1.30)
Liy dao him hai v€ theo T :
98G __apr-Lact? +1
dT 2
Theo dinh li Necxo
“him [928) <o
T=04 dT

do d6 hing s6 tich phan I = 0. Nbu vy 1i dinh 1i Necxo cho phép tinh duge bing I
thuy&t hing s6 tich phan I trong phuong tinh (XI1.16) 66i v6i phin tng giita che chit
ngung tu v khi d6 (X11.16) tr& thanh :

4

AG = -T Iﬂz dT (XIL31)
T

K&t luan ndy rét quan trong vi n6 foai bo duge tinh bt dinh cva phuong tinh d6i vai
AG clia phin #ng trong cic hé ngung 1 va mé ra kha néng tinh duge can biing tuong ing
& nhimg nhigt 44 khdc nhau hoan todn chi dya vao céc dai lugng nhigt. Thi du, ¢é thé
tinh AG theo (XI1.30) trong 46 I=0:
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AG = AH, —%Asz - éAcT3 (XIL32)

Chii ¥ rfing (XI1.31) diing vai bt ki T ndo véi dicu kién phan tng phai dién ra trong
h¢ ngung tu va khi chuyén tir nhiét d¢ thdp, gdn OK lén nhilng nhigt d6 T cao hon, thi
phai khong cé nhung bi¢n ddi pha, tic 1a chat ddng & trang thdi ngung ty nio (rén hay
long) thi phii gilf nguyén trang thai ngumg w iy & T cao hon.

2. Phan {mg khi va phan timg di th&. Phuong phép cac hing sé
hoa hoc ' '

Nguyeén 1f thitr ba khéng ap dung truc ti€p cho khi. D61 vGi phan ing
c6 chat khi tham gia thi :

AG =-T jé—};dT+ITvdiI¢0
T

Tuy nhién, dua vao phan ting trong cdc hé ngung tu, Necxo da chimg
minh duge rang d6i vdi phan ing c6 chét khi tham gia thi
I=-RAj
Aj 12 t6ng héng s6 hod hoc clia cdc chdt khf cu6i (sdn phdm cla phan
tmg) trir di tOng hiing s6 hod hoc cha cdc chat khi ddu. Nhu vay :

AG =T ]‘% dT -RT Aj (X11.33)

va th& ding 4p chusn AG® chia phan tng c6 chat khi tham gia s& co dang :

(XI1.34)

AG® 1 (AH°
RT RJ 2

InKp=- dT + Ay (XI1.35)
Trong trudng hop chung, AH° ¢6 dang :

T
= AHg + [AC,dT
0
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Dé don gian s tinh, Necxd dua ra mét loat gia thi€1 sau d6i v6i phan
img c6 chét khi tham gia :

1) AC,, = const, tirdé AH® = AH§ + AC,T va (XIL35) tr& thanh :

o AC '
InK,=- Ao | 20 1T + A (X11.36)
RT R
hoic : '
AHS | AC
JoK. = —2_ 4 — P [oT + Aj : XIL.37
gKp=—To1sT T3312 5 (XIL37)

3 day hing s6 ho4 hoc j = /2,303
2) chdp nhin ring AHS ~ AH%gg

3) cho ring cdc chdt khi déu cd C, bing nhau va bing
C,~14.63)/mol K, do d6 AC, = 14,63 An, An 12 bién thién ctia 56 mol
khi do phan img gayra. '

AC,  14,63An
R
8,314 8314

4) do c6 nhimg gi& thiét nhiéu mat nhy vay, cho nén phéi diing cic
~ hiing s6 hod hoc quy wdc (kinh nghiém) i thay cho cdc hang s6 hod hoc
diing j va cic hing s6 i dugc chon sao cho ket qua tinh phit hop véi thuc
nghiém. Khi d6 (X11.37) trés thanh :

~ 1,76 An

AHS S
IgK, =-ﬁ +1,76 Anlg T + Ai (XIL.38)

Day Ia cong thifc rét don gian trong s6 nhitng cong thitc khic nhau ma Necxo da dua
ra dé tinh K, & cdc T khic nhau d6i véi nhilng phan Gng c6 ch#t khi tham gia. Cong thifc
ny cho phép tinh K, va do d6 AG® hodn toin chi diza vo cdc dai lugng nhigt (AH3gs)

va cdc hing s& hod hoc quy udc i, cic hang s6 ndy xdc dinh tir sy do nhiét hod hoi va
nhi¢t thing hoa clia céc chat hod hoc. -

Cong thic (X11.38) ciia Necxo chi 12 mdt cong thic gén ding. Tuy nhién 15 cho
phép tinh K, (4t nhanh, do 46 duoc ding d€ danh gid dng chimg Kp trong cac phép tinh
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50 bd. Trong mot s6 truémg hap, 06 ciing cho nhimg két qua gin voi thye nghiém, dac
biet khi An = 0. Khi d6 (XI1.38) tré thanh :

+Ai (XIL.39%)

Thi du, d6i véi phin dng :
' €O, (k) + Ha(k) = CO(k) + H,0 (k)
i 32 16 35 36
AHSgy = 42477,16]
Theo (XI1.39) :
4247716
K =002
& e = 1T
_42477,16
19,15T
Khi T = 1073 K (wic 12 800°C), K, = 1,7, rét sét véi gid tej thuc nghiem 1a 1.8

Trong nhing trwdng hop khdc thi cong thiic Necxo o6 thé din dén nhimg sai sot. Do
d6 phuong phdp cdc hing s hod hoc khong duge phd cap vi cong thic gén ddng
(XI1.38) hay (XI1.39) chi nén ding trong nhimg phép tinh so bé.

+(3,5+3,6-32~1,6)

Ig Kp= +2,3

11 - PHUONG PHAP ENTROPI TUYET DOI

Phuong phip thi hai v4n dung nguyén Ii III d€ tinh can bél}g hoa
hoc hoan toan chi ding nhiing dai lugng nhiet 13 phuong phip dva
trén sy xac dinh gid tri tuyét d6i cha entropi ciia tit ca cdc chit tham
gia phan iing. Phucmg phdp nay hién nay dugc ding chi yéu trong
nhiing tinh todn chinh x4c cho moi phén ting bat ki, c6 hoic khong ¢
chat khi tham gia.

1. Tinh gia tri tuyat dai clia entrépi .

Tien dé Plang cho phép xéc dinh dugc gia i tuyét dbi entropi clia cdc chit & nhimmg
nhi¢t d6 bat ki né€u bi€t sy phu thude nhiét dung ciia ching vio nhist d9, ké ca & nhimg
ahi¢t d6 rdt thap va biét hi¢u img nhi2t ciing nhy nhi¢t d¢ cha tét ca cic qud tdnh chuyéh
pha chia chfit néu nhitng qué trinh ndy xay ra trong khodng nhist d6 khao sdt (sau nay ta
chi goi entrdpi tuyét dsi 1 entrdpi).

128



Gid thir mot chit chi c6 mot dang tinh thé. Khi d6, phit hop v6i phuong trinh : -

T .
'ST = F‘EdT
T
[+]
entrdpi cila chit 46 & trang thdi khi & nhiét d¢ T xdc dinh nhu sau ;

Tnc T T
C C C
S = J‘.-Jid'ni«. _[—E'idT sy _[—Eid'r (XI1.40)
T T * T T, T
a Tae &
trong d6 L, va T, |2 nhiét va nhiét d6 néng chiy cia chat & dang tinh thé, L, va T_ Ia
nhiét va nhiét do soi clia chéit & thé 16ng, Cpar Cps1 V2 G,y 1a nhigt dung ciia chdt & thé
rin, 16ng va khi,

Viéc do chinh xdc nhiét dung duoc tién hanh cho tdi nhimg nhiét d¢ rit thip, khodng
10 hay 15K, hoac it nhdt ciing phii (Gi 80K,

Nhitng tich phan trong (X11.40) thudmg dugc xdc dinh theo phuong phip d8 thi bing
cdch xay dyng dudmg cong trong he toa do Cp—h: T (hinh XII-3) hodc trong hé toa do.
S |

T

Dudmg cong ABCDEF ing véi Cp
nhitng gid tri thyc nghiem ciia C.. Diém
A (g vai nhigt d6 thdp nhal ma tai dé T
¢6 thé do duge chinh xic C, cha chat
khao sat.

Doan dudng cong OA & gin OK I B F
phéan khong c6 56 liéu thuc nghiém. A E

Nhiét dung & gdn OK cé thé fim duge

bang cich ngoai suy theo phuong trinh 0 :
lip phuong ciia Bobai (Bebye) (xem Ch.
XIIL §4). Theo phueng irinh nay, & gdn
OK, nhiét dung ti 1& véi iy thita 3 cia
nhi¢t ¢6 T. Vi nhiét dung cla vat tin Hinh XI-3, Xdc dinh entrdpi bing
gidm rdt nhanh & T <"10K nén phén nay tich phan d6 thj C, - InT
ciia duimg cong khong c6 anh hudng gi S
nhidu dén 46 chinh xdc cha két qua chung. Dién tich gi6i han bdi dudng cong
OABCDEF, truc inT va tung 46 ng véi nhiét do T khio sdt cho ta gid trj cta cdc tich
phan trong (XI1.40).

Phuong phdp xdc dinh entropi nhir vira trinh biy goi ta phuong phdp nhiét hod hoc
(ding nhiét lugng ke),

Sy xdc dinh entropi teyet dgi cila mot s6 chit con ¢é thé thuc hi¢n bing phuong phdp

tinh théng ké (xem Ch.XTlI, phén C) dua trén nhitng dir kign vé quang phé va csu tao
chit.

INToe  InTg InT
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2. Tinh hiéing &8 can bling theo entrdpi tuyét d&i & mét nhigt do T

Bai todn nay la don gian nhat. AGT clia phin tmg xéc dinh theo
. phuong trinh :

AG% = AHS - TASS
Khi T = 298K, ta c6 thé sir dung sinh nhiét chudn AH%¢g va entropi
chudn S5¢5 clia cdc chit tfong phan ng, thudng dugc cho trong cic |
bang dai luong chudn, d€ tinh hiéu dng nhi¢t chuén (AH39g),; va bién
thién entropi chuén (AS39g)pg ciia phan ing. |
D6i véi mdt phin tng da cho, ta ¢6 thé ghi cic dal lugng chudn AHS., vi $9oz &

ngay duédi phuong trinh phan tng va dng v6i mdi chdl trong phan dng. Thi du, d6i véi
phéan ing hidro ho4 etilen thanh ¢tan ;

Hy (k) + CH, (k)= C;Hg (k)

Sas (J/mol) ¢ 52241,64 - 84386,48
205 (Jimol.K) 13046 219,24 229,27
Tir d6 suy ra :

(Aﬂgm)m = -84586,48 — 52241,64 = - 136828,12]
(Asggs)m =229,27 - (130,46 + 219,24) = - 120,43 J/mol.K -

{AG3os)ps = (AH3ee)pg — 2982 (ASjg)p =
= - 136828,12 +298,2.120,43 = -100915,89 J
(AG3sp)py =—100915,89 = -RTin K, =-8,314.298,2InK,,
tirdé suyra:
K, =476.10"

p

Gi4 tri £t I6n niy cia K cho thiy phan ing thye (€ 1a mét chidu, tir (rdi sang phai va
dién ra cho dén hét.

Ghi chit : Céc bang chufin thudmg ciling cho tryc tiép the ding 4p chudn hinh thinh
AGlgq ciia cdc hop chdt (tuong ty nhu sinh nhiet chudn AHSgy cla ching). Khi d6 cé
thé tinh thing AG%9,; ciia phan tmg. Thi dy d6i v6i phan ng trén ;
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Hy (k) + CoH, (k) = C;Hg (k)
AG5g4 (ki/mol) 0 68,113 - 32,854
T dé suy ra :
(AG398)p = (AG30)cy, — (AG39R)c,H,
= 32,854 - 68,113 = — 100,967 kJ

Keét qud nay thuc & 1a phii hop véi két qud trén thu dugc bing cdch tinh
(AG%}H )P':' = (AHggg)pa - 298,2 (ﬂsgg“)p‘i = - 100915,89.}.

3. Tinh hiing s& can biing theo entrépi tuyét d8i & cac T khac nhau

Khi da tinh duge hing s6 can bing hoic AG® ciia phan ting theo
entrépi tuyét d6i & mot nhiét do thi c6 thé tinh dwoe hing s6 can bang &
cdc nhiét do T khdc: _

Gia sir di tinh duge AG39g cita phan tmg theo entropi tuyét doi &

T = 298,15K (25°C). Ta dua gid tri nay clia AGSgg vio (XIL15) s& xdc
dinh dugc gid tri clia hing s6 tich phan I nhy sau :

AGSeg = AH, — Aa 2982 In 2982 L Ab298,22 —
2

1 Ac

~ L acogg3 L +1298.2
6 22982

Sau khi dd xdc dinh duge 1 thi dua vao (XIL15) c¢6 thé tinh dugc
AGYT & nhiét do T bat ki. Céch 1am nay hoan toan chi dwa vao nhitng
dai huong nhiét, khong phai ding mot gid tri do dac nio cia hang s6
can bang.

Néi chung, bai tinh can bﬁng & cdc nhiét do khac nhau 12 khd vat va.
Bai tinh nay c6 thé duge don gian di rat nhidu nhd diing nhitg bang phu

dac biét do hai nha bac hoc Lién X6 M.T.Temkin va L.A.Svacxman xay
dung nam 1948,
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4. Phuong phap Temkin-Svacxman {1948)

Phuong phdp Temkin-Svacxman la mot phuong phdp tinh chinh x4c.
DE sir dung phuong phap nay cin bist AHZgg v AS3gg ciia phan tng
va su phu thudc nhiét dung ciia céc chat trong phan ng vao nhiét do.

ayTacsd:

AG% = AHS - TAS

AHT = AHZg + TACJT'ASE‘r:As;’ + T5’-“
T 298 o8 p L] 98 o8 T

AGT = AH5g,; —~ TAS? T AC_dT -T 3 AC".;rr (XII-41)
= — + — — R
T 205 = TAS394 -I;gs o .L;s T _

b) C6 thé ching minh ring :
AC

IAdeT -T I—EdT =1 [¢T _[ac dT (XI1.42)
T T2 p

hodc, cling vy :
AC -

7 Jacyar- [FRar-_ [5 facyar (XIL422)
T T TZ P

Mu6n vay, ta ding phuong phép tich phan Wmg phin :
fudv =uv - fvdu téc1a uv= [udv + fvdu

Datu= -l—.tl'l'd()du= —E-T—
T 2

T
Patv= [ACdT, tir g6 dv = ACAT , vay :

1 AC, dT
uvy = _—r- IACPdT - JTdT - ,[F IACPdT
1 AC,  edT
dods: IAdeT - _[—T-Ecrr - f;a— IACPdT
Viy (XIL41) tr& thinh -

T dT T
AGS = AHgs — TASSoq — T L a J; ACdT XTL43)
T 293 298 o8 T2 bog"CP (

hodc, cling the :

T
. . . T l ACLdT
AGT = AHzgg - TASzgs -T .ng ']"2 dT (XII.43a)
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<) C6 thé bidu thj AC, ciia phan g dudi dang mot chudi liiy thira clia T :
ACp = Aa + AbT + AcT? + .+ AnT"

{X1L.44)
Khi 46 :
AC dT = ‘L‘E(Aa + ABT + AcT? + ...+ AnT" T =
98
= 2 2 3 3
= Aa(T - 293} + T(T - 298 )+T(T - 298") + ...
g B pnet _pggnety
n+l
va:
" AC AT T '
_Tf ‘)S—d']‘z_'[‘ Aa(l—%J+
98 T? 98 T T2
2 3 -+l
P PR P - P {Tn+l_29s dT =
2 T2 3 T2 n+ 1 T2
2
= -T Aa(lﬂl+ﬁ—l) Ab T- 2(298)+& +
298 T 2 T
3 n n+l
v 20112 3 082 + 2BV | —‘5" LU LRl PRYLI- i
2.3 T n+l n T
: (XI1.45)
d) (XI1.43a) trd thanh phuong trink Temkin-Svacxman nhu sau
AGS = AHYgg — TASS0s — T(AaM,, + AbM, + AcM, +...+ AnM,) (XI1.46)
trong d6 : ) ‘ ' '
M, =it + 228 (XIL4T)
8 T |
2
M, = & - 208+ 225 (XI11.48)
2 2T
n o+l n
= T + 298 - 298 . (XI11.49)
nfon+ly (n+1)T n .
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Cong thic (X11.49) diing cho n = 1,2,3,... k€ cd khi n = -2, nhimg khong 4p dung cho
_ n =0 doi véi trudng hop niy (n = 0) phii ding cong thic (XIL47). Chi ¥ ring trong
cdc cong thic trén, chi ghi 298 cho don gidn, nhung khi tinh cu thé thi thay 298 bing
298.2.

2) Viéc trinh bay phuong phip Temkin-Svacxman ¢6 vé phiic tap. Tuy nhién viéc sir
dung phuong phdp d6 lai it don gidn. Ta chi viéc tinh AGy cila phin ing dua vio
(XIL.46) trong d6 cdc hé s6 M. M, ... M, 13 nhiftng ham chi ciia T, cdc hé s6 nay da dugc
tinh san & cic T khdc nhan va 33 dugc 1ap thanh bing (xem bing XIL.1). Thi du, d6i véi
phan ing :

2HCI + %02 = H,0 (k)+Cl,

AHZgy =-57391,4); ASH.e =~ 63,954
AC, = Aa+AbT + AcT”

Aa=-226; Ab=1,52.10"; Ac' = 0,94.10°
G thir cn xdc djnh AG® ciia phan Gng & T = 1000K. Ung v6i Az, Ab va AC' c6 cic
hé 56 M,,, M, vi M_,. Tra bang XII-1 & T=1000K, ta duoc :
M, =0,5088, M, = 0,2463.10",
Thé nhimg dai lugng dé vie (XIL46) :

AGy =~57391,4 + 1000. 63,954 — 1000] 2,26 . 0,5088 + 1,52. 10" . 02463 . 10°
+0,94,10°.0,2783. 10" } = 7076,5J

M,=02783.10"

Being XI1-1.
C&clk_é 50 trong phuong trinh Temkin-Svacxman (X11.46)

T.K M, M,.107° M,.107° M_,.10°
300 0,0000 0,0000 0,0000 0,0000
400 0,0392 00130 0,0043 0,0364
500 0,1133 0,0407 0,149 00916
600 01962 00759 0,0303 0,1423
700 0,2794 0,1153 ©0,0498 0,1853
800 10,3597 0,1574 00733 | 02213
900 0,4361° 0,2012 0,1004 0,2521

1000 0,5088 0,2463 0,1134 0,2783
1100 0,5765 0,2922 0,1652 0,2988
1200 0,6410 0,3389 0,2029 0,3176
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5. Nhimg phuong phap tinh gédn ding
Phuong trinh d€ tinh chinh xdc AG$ cla phan ing chi dua vao
nhilng dir kién nhiét 14 phuong trinh (XI1.43) :

AG} =" AHSgy — TASS0g — T j' % j AC,dT
298T 298

Khi ¢6 du dit kién cdn thist vé sy phu thuoc nhiét dung ciia cdc chat
vao nhiét do thi sy tinh chinh xdc AG$ ¢6 thé ti€n hanh nhu da lam
trong phuong phip Temkin-Svacxman trinh bay & trén,

a) Nhung khi khong ¢4 du dit kign thuc nghiém cdn thiét, dac biét &
nhiét do cao, thi ¢6 thé chdp nhdn gdin dimg AC » = const . Khidé:

T
f AcdT=ac, (T~ 298)
298
T AC,(T -298)
dT

T
AC,dT — "
4 Jacyr = (25
298T 298 298 T .
T ' T
AC{ J‘d -298 j 2} = Ac{ln%g—]z%[—% ]
298 298T

AC (Inl+%?§-—l) M,AC,
298 T

298

o day :
M, =lh— T +—2~?§ -1
208 - T .
la he s6 trong phuong trinh Temkin — Svacxman (XI1.46) da lap thanh
bang (thi du bang XII - 1).

Dai v6i T < 1600K, M,, ¢6 thé tinh gin ding theo :
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(Mg < 1600 = 0,0007T — 0,20
" Phuong trinh (XI1.43) trés thanh :

AG$ = AHSgg — TAS3gs — MpAC, T (XI1.50)
b) Thidmg c6 thé chap nhan AC, = ACp,z05 = const. Khi d6 (XIL50)

c6 dang : |
AG} = AH3og — TASS9g ~MoAC, 20T - (XIL50a)

c) Khi nhiét dung clia mot s8 chat trong phan 1mg hoan toan khong
duge biét thi phai ddng mot cong thiic kém chinh x4c hon nita bing cich

chiip nhan AC, = 0. Khi d6 tir (XIL50) suy ra :
AG$ = AHSgg ~ TASS05 (XIL51)
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CHUONG X1
NHIET DPONG LUC HOC THONG KE

A- CG SO.PHUONG PHAP THONG K&

Su k&t hop vdr If thong ké (cing goi 14 co hoc théng ké) v&i mot s6 phén cia nhiét
dong luc hoc c8 dién din 16i su thiét 1ap mon  nhiér déng luc hoc théng ké, duge phit
trin & phén tu thif hai cia thé k¥ 20. Nhi¢t dong luc hoc thong ke str dung nhimg
phuong phép cia vat i thong ké cho kha nang tinh duge nhitng gid tri bing s¢ cha cdc
ham nhiét dong vA dac biét clia hing s6 can bing théng qua nhimg di kién vé quang phd
phan tir va vé cffu 130 cht, d6 13 diéu ma nhiét dong lyc hoc ¢é dién khong lam duge.

§1. XAC SUAT NHIET DONG VA ENTROPI

1. X4c suat nhiét dong

D6i v6i cing mot he vi mo, mdi trang thii nhiét dong (tic 1a mébi
trang thdi vi mo) c6 thé thuc hién bang nhiéu vi trang thdi khic nhau,
‘nghia 12 bing nhiéu cach phan bd khc nhau giita cic phan tir ciia hé.

Xé1 he 4 phan tir a,b.c.d chuyén dong '
hén loan trong mot binh ma ta tudng -
twong chia 1Jam hai phdn bing nhau. Di _
nhién, & méi nita binh chi c6 thé c6 |eee 04\ F..
nhing céch phan b6 "vi mo” img vai (9RC d abd
4- 0, 3-1, va 2-2; & mdi cich dé, con s6
thi nhét chi s6 phan tir & nifa binh khio [ggeT esse| o
sat, con s& thi hai chi s phan tr o nira  jacd| b IECd a
binh kia. Trang thdi "vi mo6" 4- 0 ing voi
mot vi trang thai duy nhat 1a ¢4 4 phan
tir déu tap trung & mot nira binh (abed). Hinkh XI11-1. Bdn clch phin b6

Trang théi "vi mo" 3-1 tng v6i 4 vi ~ vimovéicing mduirang (il
' "vimo" 4-1.

il

.
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trang thdi c6 thé ¢6 & mot nira binh 12 abe, abd, acd va bed (hinh XII1- 1).
Con trang thdi "vi mo” 2-2 ting vdi 6 vi trang thai ab, ac, ad, be, bd, cd.
Chu ¥ ring su hodn vi 2 phan tif thuoc 2 nita binh khéc nhau din t6i mot
vi trang thdi m&i, nhung sy hodn vi 2 phan tir & cing mdt phin binh
khong dén téi vi trang thdi méi.

Néu quan sit mét thoi gian di Jau thi c6 thé thdy ring méi mot trong
cdc vi trang thdi d6 dwoc gap trung binh vdi mot s& 1lan nhu nhau bai vi
chuyén dong cha phan tir 1a hoan toan hdn loan. Do dé td? cd cde vi
trang thai déu cé xdc sudt nhy nhau, vic 1a vi trang théi nio ciing ¢é kha
nang nhu vi trang thai nao. D6 1a tién dé quan trong 1am co s& cho vat I
théng ké. :

BGi vi moi vi trang théi déu ¢4 xdc suat nhir nhau nén trang théi "vi
mo" thif ba (2-2) duge gap 6 lan nhiéu hon trang thdi "vi mo" thi nhat
(4-0) va trang thai "vi mo" thif hai (3-1) duec gap 4 1an nhiéu hon trang
thdi "vi mé" thit nhat.

S6'vi trang thdi khdc nhau iing voi ciing mot trang théi vi mé ciia hé
goi la xdc sudt nhiét dong W cria trang thdi vi mé da cho.

Trong thi du trén, xdc suat nhiét dong cla nhiing trang thdi "vi mo"
2-2,3-1va 4-0 1a 6,4 va 1. Xdc sudt nhiét dong Ya mét s6 nguyén duong
2 1, khidc v6i xdc sudt todn hoc, xdc sudt ndy la 1i s6 duong gitta s6
truong hop chd doi va téng s6 trudmg hop ¢6 thé xay ra. Xdc sudt todn
hoc 6 gid tri trong gidi han tir O dén 1. Nhur thé€ 1 1a tri 16n nhat cla xdc
sudt todn hoc (hién tigng hoan toan chic chén) trong khi d6, ddi véi xac
sudt nhiét dong thi 1 lai 1a tri bé nhat.

D6i v6i nhimg hé c6 nhi€u phan tir thi xdc xust nhiét dong la nhimg
s6 nguyén rat 16n. Trong thi du trén, ta da chon hé ¢6 4 phan tir dé su
trinh bay duge don gian, nhung thuc ra hé 4 phan tlr khong phai 1a he vi
mo, do d6 khi néi vé€ trang théi “vi mo" cua hé d6, ta di ghi "vi mo"
trong ngodc kép. Con hé vi mo6 thyc phai chifa hang triéu triéu phén ti.

N6i chung, n€u he¢ vi m6 ¢§ N phan tit phan b thach N phan tir &
phan thé tich thd nhat, N, phin tir & phén thé tich thit hai...., N, phan ti
& phan thé tich thii n, cdc phdn thé tich déu bing nhau thi diza vio dai s6
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16 hop, c6 thé chimg minh ring xdc sudt nhiét dong W clia trang thdi vi

mo 44 cho tinh theo cong thiic : |
N!

TNy ING LN L

(XIIL1)

Dic biét, néu hé chia lam hai nita, nlta thit nhat chiia N phén tir, nira
thit hai chifa Ny = N — N; phén tlr thi xdc suat nhiét ddng W cia trang
thai vi mo s& bing :

1
W= N (XIIL.2)
Ny (N =-N)!

Nh&s cong thic nay ¢6 thé thdy nhilng "xdc sudt nhiét dong" tuong
tng v6i nhiing trang thdi "vi mo" 2-2, 3-1 va 4-0 trong thi du trén bing
6,4val.

Su phan b khong dong déu nhat (cé trat tir nhat) ¢ xdc suat bé nhat.
Khi d6 t&t cd N phan tir tap trung & cd vio mot phén thé tich, thi du § vao

phén thir nhdt, do d6 N; =N, N, =N3= ... =0 va:
1
=--—I?-J-'-————&—l(v10‘—l)
Nigtol.. N!

Sir phan b déng déu nhat (hén loan nhdt ) c6 xdc suit 1dn nhat. Khi
d6 mdi phan thé tich chita mot s6 phan tir bing nhau. Néu s6 phan thé
tich 1a n thi méi phan chifa N/n phan tlr, tic 1a Ny =N, = ... =N, = N/n
va (XTII-1) tr& thanh :

N!

n
o
n .
Bi€u thitc nay la cyc dai ctia (XII1.1) d6i véi N da cho.
Déi v6i 4 phan fr, sy phan b6 déng dédu nhat (trang thdi "vi mo" 2-2) cd xdc suft gdp

6 l4n sy phan b6 khoéng ddng déu nhst (trang thdi "vi mo" 4-0),

Khi ¢6 12 phan t&, 2 trudng hop gidi han 46 lai chng khédc nhau manh vé xdc sudt :
su phan bé dbng déu nhit (hén loan nhat) c6 xdc suft gip 924 I4n su phan bd khong
déng déu nhdt (c6 trat ty nhat);

W=

(XI11.3)
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i v6i 20 phan 1, 4 s6 x4&c suit d6 bing 184756:1 va né ting rit nhanh khi s6 phan
tir tAng. DGi véi hé ¥1 md ¢6 hiang trigu tidu phan X thi 4 56 d6 cyc ki 1dn. Do d6, doi
v6i Imol khi If nréng o 14p véi moi tdc dung bén ngodi, ¢6 thé xem nhur hoin toin chic
chin ring khi sZ chifm déu todn bo thé tich, khéng thé nio cé sy tap trung ta1 ¢ cic
phan tlr khi vao mot phin thé tich bdt ki ndo d6. Nhiing sy khic nhau rit nhd vé ti khéi
giita nhilng phén rft nhd cha thé tich chi o6 thé phét hien bing nhiing phuong phap it
dic bigt. Nhitng su sai léch dé, goi 12 thdng gidng, s cang nhd néu sé phan o cing 16n.

Ngodi bai tinh v& sy phan b6 theo thé tich, bai tinh vé sur phan bS phin i theo ning
ligmg hay theo 16¢ 46 (hodc xung lugmg) ¢da cb (4m quan trong k6n hom. S8 vi trang théi
W, bing xdc suft nhiét dong cita trang thii vi mé d3 cho, vin xdc dinh bing cong thic
(XIIL.1). B3di vdi su phan bd c6 xdc sudt I6n nhit, né din t6i dinh luat phin b6 theo nang
lugng clia Bonxman (€ xét dudi ddy) va dinh luat phin bé theo tdc 6 cha Miacxoen.

Cén chi ¥ ring sy phan b c6 xdc sudt 16m nhét theo téc d6 hodc theo nang luong
hoin todn khong (mg v6i moét s§ phan tf bing nhau trong mbi phdn toc do hodc ning
luomg, nhir diéu xdy ra d&i v4i su phan bG theo nhitng phédn thé tich,

3 dang chung hon v char ché hon, nhimg bai tinh d6 duge gidi trong vat li théng ke
dura vao khdi niem khéng gian pha do Gipxo d€ ra, thust ngt "pha” duge dimg & day
déng nghia v&i trang thii.

2. Entrdpi va xac suat nhiét dong

Céc trang théi ty nhién déu dién ra theo chiéu tir trang théi cé it xdc
sudt sang trang thdi c¢é nhiéu xdc sudt hon, déng thdi cling nhiing hién
tugng d6 trong hé co lap chi c6 thé wr dién ra theo chiéu ting cla
entropi. Nhu vy, trong nhilng qud trinh d6, ca hai dai luong S va W déu
tang, chiing dat duge gia tri cuc dai khi hé dat 161 trang thdi can bang.
Vay gilta S va W phai c6 m6t méi quan hé dinh lugng nao d6. Co thé
viét S 14 mot ham clia W ;

S=1f({W)

Vi entrépi S 12 mét thuge tinh khuéch do, cé cong tinh cho nén
entropi clia mot hé hop bai 2 hé khic nhau, doc 1ap, ¢6 entropi S; va S,
va c6 xdc sudt nhiét dong W, W, sE1a:

S= Sl + Sz
(W) = f(W,) + (W)

Theo 1f thuyé xdc sudt, xdc sudt ciia hé phic tap bing tich xic sudt
ctia cdc hé don gian di cdu taorand :
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dodo:

S = f(W,W,) = (W) + f(Wy)

Tur d6 suy ra ring ham entropi S phai Ia mot ham logarit bdi vi trong
todn hoc, ham logarit 12 ham duy nhét c6 dac tinh : logarit cha mot tich
bing téng logarit cia timg s8 hang. Do d6 cd thé dat : '

S=kinW -~ (XIIL4)

C6 thé ching minh ring he s6 ti 1¢ k 1a hdng s6 Bonxman, k = R/Ng R

12 hing s6 khi, N 12 s6 Avogadro. Cong thic (XII1.4) goi 1a céng rhic

Bonxman. D6 12 mot trong nhig phuong trinh co ban cha nhi¢t dong
luc hoc thong ké.

§ 2. DINH LUAT PHAN BO BONXMAN

1. Théng ké cb didn (Macxoen-Bonxman)

a) Pinh ludt phdn b6 Bonxman dang don gidn

Gia thir mot thé tich 6 lgp chia N phan tir khi i tudng dong nhdt,
trong d6 N, phan tir c6 nang lugng €,, Ny phan tir ¢6 nding lugng €,,... N;
phan tir c6 nang luong €;,... Gié thiét nang luong cta nhiing phén tir riéng
1& chi c6 thé nhan nhimg gid tri gidn doan (r&i rac). Phai tim sy phan b8
phan tir theo nang luong sao cho phan b6 d6 c6 x4c suit 16n nhAt.

MB3i phan b6 1a mot trang thai vi m6 c6 xac sudt nhiét ddng W xéc
dinh b (XHL1):

W N!
Ng !N L. Nit..

@

(chii ¥ & day su danh s6 tht 1 bit ddu tir No). D6i véi N rét lon, c6 thé
diing céng thitc gdn diing Stialinh (Stirling) :

IN'=NInN-N (XIILS)
Tir d6 '
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InW = InN! — EIaN; ! = NiiN - N ~ (NN - IN; ) =
= NinN - ENilﬂNi bdi vi ENi =N
S =kinW =kNinN - kK¥N/nN, '

Phai im Ny, N;.... sao cho S I cye dai trong diéu kien N = const va
U = const (vi h¢ dugc gia thiét 1 co lap). Mudn vay phai giai déng thoi
h¢ 3 phuong trinh :

dS=0
N =N, = const )
U =23Ng; = const .-
Su giai khong kh6 nhung dai, ta b qua.
Két qua nhu sau :
N; = Neei/kT (XIIL6)
Q .
U
S =kNinQ + T (XI11.7}

trong d6 N; 12 56 phan tic6 nang luong € ; k = R/N4 la hing s6
Bonxman ; T 12 nhiét d6 tuyét déi, con Q. goi 1a 16ng trang thai (hay
téng thong ké), c6 dang :

Q=Xeu/kT (XIIL8)
18ng % duge 14y tiri=0déni=w.

(XII1.6) 1 biéu thic clia mot trong nhimg dinh.:-luat quan trong cla
vat I thong ke, dinh luat Bonxman (thiét 1ap nam 1877) vé su phan bs ¢6
xdc sudt 16n nhat phan tir theo nang lugng. Theo dinh luat nay, trong hé

can bing, s6 phan ti ¢6 ning lwong € ti 1€ véi thira s6 e & /KT goi la
thita s6 Bonxman. _

b) Dinh lugt phan b6 Bonxman dang téng qudt

Mot 56 trang thdi ciia phan tir o6 thé c6 ning lugng ¢; rat gén nhau t6i
mifc trong thyc t€ khong thé phan biét duge nhimg nang lugng nay va
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phai chdp nhan 12 ching tring nhau. Nhing trang thdi dé hop thanh
nhém. S8 vi trang thdi trong nhém goi 1a trong lugng thong ké g; hay dé
suy bién cha mic nang luong ;.

Trong trudmg hop nay, dé tinh xdc sust nhiét dong W, tic Ia s vi
trang thdi ng véi cling mot trang thdi vi mo, thay cho (XIII.1) phai
diing cong thic :

N, Ny _N,
— N1 B0 8L B

No !N/ LN, ..

Khi d6, st phan b6 ¢6 xdc suft 16m nhat pflan tir theo ning lugng Gmg
vdi diéu kién : . '

W (XII1.9)

N; = g—gie‘si kT (XIIL10)
trong d6 téng trang thai Q c6 dang :
Q=Yg =/ T (XIIL11)

(XIIL.10) 1a bi€u thic cha dinh luat phan b6 Bonxman dang t6ng
quat,

2. Thdng ké ¢ dién va thdng ké lugng tir

Ta goi chung cdc phan tlr, nguyen t&, jon, hat nhan nguyén tir, electron, proton,
notron, photon v.v... I3 tiéu phdn hay har.

Cic th6ng ké khdc nhau vé cdch tinh s6 vi trang théi. Trong théng k& cd didn
(Micxoen-Bonxman), cdc hat dii déng nhi {ging nhau) vin dugc xem 1A ¢6 cd tinh,

nghia 1a phan biét duge. Trong thdng ke lugmg tir, cdc hat déng nhét dugc xem 13 khong
6 cd tinh titc 13 khong thé phan biét dirge,

Théng ke lugng tir Bozo (Bose) - Anhstanh (Einstein) 4p dung cho nhitg hat ¢6 spin
bing O hodc bing s6 nguyén 1,2,... thi du photon. Trong théng ké ndy ciing nhu trong
théng ke cd dién, 6 hat & méi vi trang thai khong han ché, tic 1 bao nhieu ciing dirge,

Théng ké luogng tir Fecmi (Fermi) - Dirac (Dirac) 4p dung cho nhitng hat ¢6 spin 12
nira 56 nguyén, -;—, %% ... nhir electron, proton, notron v.v...., néi chung mei hat tuin
theo nguyén I foai trir Paoli. Trong théng ké Fecmi - Dirdc, méi vi trang théi chi c6 thé
¢ nhiéu nhét 1a mét hat.

Thi du xé1 céc cdch phan bd khic nhau 2 hat d6ng nhit (N = 2) gifia hai trang thdi
lwgng tir khic nhau nhung ¢6 ciing miic ning lugng, mifc ndy nhy viy cé trong lugng
thdng ké g = 2 (mbi trang thi lugng ti hinh dung bing 16).
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"Ye) ® O
M.B. ) 4 ® O | scéch
o0 e
B.A. ® L 1 J 3 edeh
°
£D. @ 1 edch

Trong trudng hop chung, 58 cich khéc nhau phan b8 N hat d6ng nht ciia hé thanh
N, hat vio g, trang thdi luong i khdc nhau ciia mite £, N, hat vio g, trang théi lugng tir
khdc nhau ¢la mic £,...,v.v.. bing xdc sust nhiét dong W tinh theo cong thiic :
gogl g
théng ké Micxoen-Bonxman W = N1 22 5L (XIN1.9)
N IN, LN L., .
M.B
. - 1
théng ke Bozo-Anhstanh W = N1 it & —D! (XIIL12)
i N (g - 1)
B.A
.1
th6ng ke Fecmi-Dirac W = [1——2i" _ (XII1.13)
: i (g N N;!
F.b
Khi cdc mie ning tugng déu gidn doan va
N =ZN; = const

U = EN, g; = const

thi d6i v6i 3 théng ke MB, BA va FD, phin b& ¢6 xdc suft 16m nhét cdc hat theo nang
lugng dugc biéu thi biing mot céng thitc chung 6 dang

i :
N= —2____ (X111.14)
1 elezi.-"kT yo

¢* 12 mot hiing 56 tuy thudc vio ban chat clia hat, o = 0 d6i vi thong ké MB, o = - 1 doi
v6i thong ke BA vi o = + 1 déi v6i thong ke F.D.
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Trir nhitng electron ty do (khi electron) trong kim loai, céc khi (suy bi€n) & gin 0K
v khi photon. cdn n6i chung déi véi cac he khic e* &5 /¥T 31, Khi d6 c6 thé bd qua

« & mAu 56 (XUL14) va hai théng ke lugng tir déu dan téi cling mot k&t qua nhar théng
ké c6 dién Micxoen-Bonxman :

N- = e—l g c—aifkT
& A
Vie ™ =constnén N = IN; = ¢ Eged T _eQ
Q= Zgie"“"kT 12 téng trang thai vi e = N/Q. Vay :

N oene
N; =g B alkt

Nhr vay, trong hfu hét cic trudng hop, ci ba théng ke déu ¢6 ciing dinh luat phan bé
céc hat theo ning lugng, tic 14 dinh ludt phan b8 Bonxman (XIIL.15), cong thic ndy

déng nhat vai (XI11.10). Nhung cdc thong ke 46 khdc nhau vé cich tinh xdc sudt nhiét
dong W vi do d6 vé cich tinh entropi S =kinW chia he.

(XIIL.15)

D81 voi thdng ke cb didn, § = kN#HQ + -l_—;]‘- (XN
e e , . Q. u
i vdi cac thong ke lugng tit, S = kKN N + :l'- + kN (XII.16)

B. THUYET ¢6 BIEN VA THUYET LUONG TUVE NHIET DUNG
CUA CHAT KHI VA CHAT RAN

Trude khi trinh bay phuong phip théng keé tinh cic ham nhiét dong, ta diém qua

nhimg k€t qua clia thuyét dong hoc phin tr (1 tién than cla vit 1i théng ke) va cia

thuyét lugng tir cii (khong phai 1a co hoe hong tir) vé nhiét dung cha khi If twdng va cla
chat rin. :

§3. NHIET DUNG CUA KHi Li TUONG
1. Nguyén i phan bd déu ning lugng
_ Nhiét dung Cy cita khi li tuong c6 dang :

Cy =G +C+Cy
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G.Cyr Cy 1a nhimg hop phan ciia nhiet dung dng véi chuydn dong, tinh tién (1), quay
(q) va dao dong (d) cita phéan 1ir (ta bd khong xét cic dang chuyén dong khdc nhwr chuyén
ddng ciia electron trong phén ).

D¢ xic dinh phén nhiét dung tmg véit ting dang chuyén dong, thuyét déng hoc phan
Uit dya vao nguyén Ii phan b6 déu ndng lugng. Theo nguyén 1 nay, phdn ndi nang ing véi
mdi bac ty do clia chuyén dong bing %RT d&i véi 1 mol khi Ii twdng. Thyc nghiém chi

xac nhan két qua nay d6i v6i chuyén dong tinh ticn va quay.

Nhu dugc bi€t, moi chuyén dong déu c6 thé phan tich gdn diing thanh nhimg s& hang
chuyén dong ddc 1ap, s& ciia chiing goi Ia 50 bdc e do ciia chuyén dong khao sit. N6
tring v6i s& toa do cdn thiét d€ xédc dinh don trj vi trf cia he & moi thoi di€m bat ki,

Thi dy, chuyén dong tinh tién ciia | phan tir trong khong gian ¢6 3 bac w do (nhimg
56 hang theo 3 wuc toa do vudng géc nhau d6f mot), do d6 phin noi nang (yong (mg

bing U, = % RT . Phan tir 1 nguyén tir (nhur cdc khi tro va hoi ciia da s6 kim loai) chi cé

chuyén dong tinh tién (khong ké chuyén déng electron), do d6 Cy, mol chia né bing :

dau 3
C\,r=c(= 'ﬁ(=5R

Fhan tir nhién nguyén tir thing (trong d6 ¢6 phan tir 2 nguyen ti), ngodi 3 bac r do
chuyén dong tinh Gén con cé 2 bic tw do quay xung quanh 2 truc vudng gdéc nhau

vavudng géc véi truc phan tir va c6 ca chuyén déng dao déng, do dé noi ndng ctia né
cé dang :

5
U=Ut+Uq+Ud=-2-RT +U,
va nhiét dung Cy; mel ciia n6 bing :
du 5
Cy=—=C +C +Cy==R+C
v dT 1 q 47 2 d

D4i v6i phan tir nhiéu nguyén tir khong thing, ngodi 3 bac ty do tinh ti€n va nhimg
bac tir do dao dong, cdn ¢6 3 bic tr do quay xung quanh 3 truc vudng géc nhaw, do d6 :
U=3RT+C, ; G, =3R+(,

Phén nhiét dung C, céa khi gén lién véi chuyén dong dao dong cba cic nguyén tir
trong phan tir khong tudn theo nguyén If phan b déu ndng lwong.

2. Thuyét nhiét dung ciia Anhstanh

Anhstanh (1907) 1a ngutsi d4u tien di tink duge bing K Lﬁuyél phén nhiét dung C,
trén co s§ nhimg quan didm cia thuyét lugng ur cii (tic 1 thuyét lwgng tir cita Pling
(1900), duge phat trién trong nhiing cong trinh ciia Anhstanh). Theo Anhstanh :
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Cy=Yceom 0=t
m

T
T 1)

[9 Jz o C (XULIT)
Ce®/T)=R

trong d6 Cg (8/T) 1a hdm Ankstanh d6i v&i | bac tr do dao dong ; B = hv/k gdi 1a nhise
d ddc trung ; v 1A tdn s6 duao dong g v6i bic tr do dao dong di cho ; h la hang s6
Plang, k 1 hing s6 Bonxman ; m 13 s6 bac ty do dao dong cita phan tir, DSi v6i phan tir
n nguyeén tir, tdt ca ¢6 3n bac tw do chuyén déng, néu dem trit di s6 bac ty do tjnh tién va
quay sg tim dugc s& bic ty do dao dong. Vay d6i véi phan af n nguyén tir khéng thing -
m = 3n - 6 v& d6i v6i phan tir n nguyén t thing, m = 3n - 5. Pjc biét phan tir 2 nguyén
tirchico I bactwdodao déng, m=3.2-5=1.

Viéc ding ham Anhstanh Ce(0/T) khong ¢ gi khé khan dic biét vi cdc gid tri clia
ham dé theo /6 hoac theo 8/T da ducc tinh sdn thanh bing.

Mbi bac tr do dao déng trong phan ti g v6i mot thn s6 v xde dinh va mét nhiét do
dic trumg xdc dinh. Tdn $8 v xdc dinh tit nhimg dit kien quang phd. Khi phén 1 ¢6 céu
tao déi xing thi hai hedc nhidu @n s6 c6 thé tring nhau. Nhimg dao déng tuong img goi
1a suy bién 2 ldn, 3 l4n, v.v... Khi d6, trong biéu thitc chia C,, chiing tham gia véi hé s6 2,
hes63vv..

§4. NHIET DUNG CUA CHAT RAN

Trong mang tinh thé cha chat rdn, khong c6 chuyén déng tinh tien, thudmg ciing
khong c6 chuyén dong quay, chi c6 chuyén dong dao dong, do d6 ¢6 thé chip nhin
Cy = C, d4i véi ch4t rén (bd qua ci chuyén dong electron kich thich).

1. Phudng trinh Anhstanh

C6 thd nghi dimg tarc (iép phuong tinh Anhstanh (XILi7) d¢ rinh nhigt dung cha
chat rin. Bdi véi mang tinh thé khong gian 3 chiéu, dao déng ¢6 3 bic wr do, vy

Cy =3Cg (B/D)

Phurong trinh nay biéu thi gén diing ding digu bi¢n thién Cy, cta don chéi dn theo T.
N6 cho gid tri Cy—» 8 & T ~» 0 vi Cy —» 3R & T di: cao. Nhung & ving T thp, phuong
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trinh Anhstanh méau thudn nhiéu véi thye nghiém. Khi gén o6 0K, Cy, khong gidm qui
nhanh nhur tinh theo phuong trinh Anhstanh.

2. Phudng trinh Bobai

Nam 1912, Dabai di fim duge phuong trinh cho phép tinh t6t hon Cy, clha chit rén c6
mang tinh thé nguyén 1. Dobai cho ring trong tinh thé, cdc tiéu phan khong dao déng
vdi ciing nhimg tdn <& nhy nhau (nhu frong thuyét nhiét dung cila Anhstanh) ma dao
dong véi nhiing tdn s§ khdc nhau hop thanh mét phé tdn 56 lien tuc tir v = 0 d&n mét tri
cue dai v, nao d6. Phuong trinh Bobai c6 dang :

Cy = 3Cp (8/T) = 3Cp (xp)

. 12R *a xdx
Cplxm) = Cp (B/T) = =~ - (XIIL18)
Xm "0 e -1
X= h_\"' M xm = E = hvmax
kT T kT

Cp (6/T) 12 hdm Dobai, ciing duoc tinh sin thanh bang d8i véi cic gia g O/T
khac nhau.

G nhigt do rdt thap, khi T— 0, X, — @, khi d6, theo gidi tich toan :

I"’ xsdx _ _ﬁ'
0 e* ] 15
2R ;3 3 '
Cy =3Cp (0/T) = T =aT (XIIL.19)
e 56° :

4
a= @ = &33’6-& J/K.mel = const
50 6

(X111.19) goi \a phuramg trinh Idp phuomg cha Dobai, tifc 12 & vang T rat thip (tir gén
OK dén 30K), Cy cla chét rdn t 1¢ vdi T‘, phucmg trinh nay phil hop véi thue nghiém.

3. Sy chuyén tir C, sang C,
D6 vai cdc chét rén, 6 thé ding phuong trinh kinh nghigm :

C = Cv[l + 0,0214Cy, Tl] (XI11.20)

n

Ty, = nhiét 44 néng chiy cha chat rin.
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4, Phuong trinh Taratxop

. T gn OK, phuong trinh 14p phuong ciia Dobai ding cho nhimg chit cén ¢6 mang
tinh thé 3 chiéu.

Nam 1945, nha bic hoc Lign X6 V.V. Taratxop d chimg minh ring & T gén 0K, doi
v&i nhimg tinh thé c6 cdl triic Id, nhu mica (mang 2 chiéu) :

Cy = bT? . (b= const) . (XI111.21)
v ddi véi nhimg tinh thé 6 cdic fric sgi (1 chiéu) :
Cy =cT (¢ = const) (XI.22)

Nhimg cht €6 cfu tric sgi 12 nhitng phan tr polime tuyén tinh, thi dy cao su (&

400 — SO00K, Cy clia cao su vin phy thuge theo dudmg thing vao T), thach mien, nhifng
hidrocachon da nguyén i khong ¢6 mach nhénh v.v...

C — TINH CAC HAM NHIET DPONG VA HANG SO
CAN BANG THEO PHUONG PHAP THONG KE

§5. QUAN HE GIUA CAC HAM NHIET DONG
VA TONG TRANG THAI

C6 thé bi€u thi cdc ham nhiét dong co ban theo tong trang thii
Q va theo cdc dao ham cia Q theo T. DGi véi 1 mol chit, N = Ny,

kN = kN, = R, N, la s6 Avogadro, R 13 hing s6 khi. Theo (XIIL.7),
entropi mol S c6 dang :

S=RinQ + % {XII1.23)
Tir dé _
F=U-TS=-RTInQ ' (XI11.24)
S= —% =RInQ + RTa_gTQ :' {XII1.25)
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2 0InQ

U=F+TS= RT (XII1.26)
au 2 8° 8°InQ onQ
Cy = — =R|T +2T XII.27
A { arz T ] ( )
Tiép theo, d6i v6i 1 mol khi Ii twdmg, pV = RT, do dé :
H=U+ pV= U+RT=RT ager +RT (X111.28)

G = F+pV = F + RT = -RT(inQ -1) = -RT(InQ - Ine)

G=-RTin 2 - (XIIL.29)

e
vilne = 1; ¢ = 2,718 14 co s6 clia logarit ty nhién.
Céc he thifc trén duoc riit ra tir théng ké ¢6 dién Macxoen Bonxman.

Khi 6, entropi mol S tinh theo (XIIL.23) hosc (XIIL25) khong ph hop
16t v6i thic nghiém va cén duge hi¢u chinh lai (xem §7).

§6. TINH TONG TRANG THAI CUA KHi LI TUGNG

1. Dai cuong

D€ tinh tng trang thdi Q cén biét cdc mic niang lugng g; va trong
lugng théng ké g; twong {ng, nhing dai lugng nay xédc dinh tir sur nghién
cifu quang phd phan tir va co hoc luong tir.

C6 thé thira nhan gén ding nang lugng € clia phan tir 1a tdng cla
ning lugng g, tmg v6i chuyén dong tinh tién clia phan b va &, 12 ning
luong ving v6i chuyén dong bén trong phan tr g6m nang hugng quay &
clia phan tf, nang lugng dao dong &4 clia cdc nguyén tr hay nhoém
nguyén tir trong phan tr va ning luong €, clia cdc eleciron trong phan 1
(khong ké céc dang nang luong khic nhu nang luong tuong tic ¢é ngudn
goc 1 spin cha hat nhan v.v...) :

E =€ +Epgi = & +Eq +Eg + &
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Ung v&i mdi dang chuyén dong d6 c6 mot trong lugng théng ké
riéng. Trong luong théng ké g, ting véi g, (tinh tién) ludn ludn bang 1.
‘Téng trang thai Q s& ¢6 dang :

Q=Q Quoi = Q Qg U Qe

o o —€ JKT —£,/kT
Ql=ze£lf ;Qq=zgqe d

2. Téng trang thai tinh tién

bai véi Q, cha 1 mol khi If tuwémg, vat 1i théng ké cho gid tri sau :

_ emmkTY?V  @2aMkT)Y 2V
h3 hSN?KQ

Q (XI11.30)

trong d6 k 1a hdng s Bonxman, h 12 hing s& Plang, M 1a khéi luong

1 mol khi, m = M/N,, N, 13 s6 Avogadro, m 1a khdi lugng .1 phan t,
V 1a thé tich 1 mol khi.

3. Téng trang th4i quay

Truée hét, cdn xdc dinh s¢ @67 ximg o cla phan tir tic 12 s6 cau hinh
tring nhau ctia phan tir khi lam phan tir quay 360° 14n lugt quanh cdc
truc quay. Thi du, déi véi nhimg phén tr théang d6i xing nhu H,, Cl,,
0,, CO,, C,H,, 6 =2 Vi khi quay 360° quanh truc déi ximg chia chiing,
chiing hai 1dn & vao nhimg vi tri tring nhau. Nhung d6i v6i phan tir
thing khong d8i ximg nhu HCI hay CO thi ¢ =1. D6i v6i phan tir hinh
thdp ddy tam gidc déu nhu NH; hay AsCl, thi o =3. D6i véi phan tir
dién CH, thi o =12 vi su quay xung quanh méi mét trong 4 truc bac ba
cho 3 cu hinh triing nhau.

D61 v6i phan tir 2 nguyén tif va phan tir n nguyén tir thing, c6 momen

quén tinh I, téng trang thai quay Q4 ¢6 thé tinh di chinh xdc theo cong
thifc gin ding :
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_ 82%KTi
oh?

Qq (X1I1.31)

D6i véi phan tir n 'nguyén tir khong thing, Q, c6 thé tinh gin diing
khd t&t theo cong thirc :
_ 822 (KD)* 2 (831, Il )2

Q
q oh3

(X1IL.32)

trong d6 I 4, Ip, I 1a 3 momen quén tinh chinh ciia phan tir.

4. Tdng trang théi dao déng

Biéu thic co hoc lugng tir d6i véi ning luong cia dao dong tir diéu
hoa tuyén tinh (c6 1 bac ty do dao dong) 1a :

gq = [v +-;—) hv : (XII1.33) -
v=0,1,23... 12 56 luong tir dao dong, v Ia tin s6 dao dong rieng ciia dao
dong tir di€u hda. Tir (X111.33) thdy ring khi v = 0, vin con nang lugng
dao dong cuc tiéu €od = %hv, 201 la ndng luong dao déng khéng,

ngay tai 0K cfing khong triét tiéu. Thudng thi % hy duge gop vao ning
lugng "khong" téng qudt eld va ning lugng dao dong &4 durge tinh tir mic
khéng nay : :
¢4 =vhv

Trong su gén ding khio st & day, c6 thé bd qua sir hiéu chinh vé
tinh khong di€u hoa ciia dao dong. Trong lugng théng ke g, ddi véi cic
miic dao dong bing 1 d6i v6i vat rén, d6i v6i phan tir 2 nguyén tir va da
s phan tlf n nguyen t, do d6 téng trang théi dao dong Q4 c6 thé viét :

Q= Egde—t‘.fkT - Ze—vefT . (XIII34)

& day © = hv/k 1a nhiér dp ddc trung, ti 1& v6i tin s6 dao dong v. Cho v
1an luot nhimng gid triv=0, 1, 2, 3..., s& duoc
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Q=1+ e O/T . 28/T | -30/T .

.....

8T

batx=e ~ tadugc:

Qd=l+x+x2+x3-|_-...

Vix << 1 nén ta 4p dung duge cong thic d6i vdi cdp s6 nhan :

o0 1
1+x+x2+,...+x = —
1-x

. Vay

Q= ——7 (XI11.35)

Cong thic nay dp dung cho phin tir 2 nguyén tir (¢6 1 béc tv do dao
dong). DGi v6i phan tir n nguyén tir (n > 3) t6ng trang thai dao dong Q414

m 16
=0—-—-— XIiL.36)
Qq APy (

Tich IT duge 14y cho m bac ty do dao dong clia phan tr (m =3n - 5
d6i v6i phan tir thing VA m = 3n - 6 d6i véi phan tif khong thing) ;
B; = hvy/k, v; 1a tdn s6 thude bac ty do dao dong thit i.

5. Tong trang théi electron Q, c6 dang :
Q.= Egee_ac"kT = goe_eo!kT + gle_el‘”‘T + gze_azikTh.. (XIL.37)

Nang luong electron trong phan 6lr ¢6 dang €, = £, — €.

€0 12 nang luong "khong" cila electron, nghia 12 ning hrong & mic
thap nh4t ciia electron trong phin tir & trang thii co ban, khong bi kich thich,
& do khong tuyét d6i. Tir thye nghiém tic 12 tir cdc div kién quang phé,
khong thé xdc dinh duge €, chi ¢6 thé xéc dinh duge higu €, =€, — &,
Khiu’nhQe,tachép_nhanla'yao'e=0ng1ﬁalétﬁﬂ1nznglugngelectrontir
mitc quy udc dé, do d6 khong phai 1a tinh Q, ma 1a tinh Q}, :
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Q; = Egee_s‘cf kT - 8o+ g]c_gll" kT 4 gze_slﬂk’r +... (XIL.37a)
bdi Vi €', =&, —€q,¢ = 0. Sur 50 sénh hai biéu thiic Q. va Q,, cho thdy :
Q. = Q, ¢ Soe/KT . (XIIL38)

Vi miic nang fuong electron kich thich thit nhat €' rat 16n so vé6i mifc

o bin khong kich thich, céc mic kich thich tiép theo €', , €'; .. lai cang

16n nén & T < 2000K c6 thé bd qua s6 hang thit hai va cdc s§ hang sau
ca (XIIL37a). Khi d6 : ’

Qe =8, VaQ, = gye os/kT (XIIL.39)
N,
A.
InQy=Ing,~ S2 (XTIL41)

RT

8o 14 trong luong théng ké clia mirc nang luong electron co ban khong
kich thich ciia phan tir. D6i v6i da 56 phan tir 2 nguyén tir, g, = 1, d6i v6i
phan tr Oy, g, =3 v.v.., ’

Ghi chii. Khi n6i vé nang luong "khong" cia phén tir, thudmg ngudi ta
chi ki hi¢u 13 g, n6 bao gém khong nhimg ning luong khong ciia

electron ma ca ning lugng khong -;—hv ctia dao dong.

§7. TINH CAC HAM NHIET BONG CUA KH LI TUSNG
THEO TONG TRANG THAI

- 1. Higu chinh céng thirc tinh entrépi $ ciia khi If tudng

Dé cho ket qui tinh pha hop 16t véi thue nghiem, entrdpi mol cia khi If tdmg cdn
dirge tinh theo cong thirc sau : :

154



S=Z5;+R-RinN, (XIIL.42)

al
S, = RinQ; + RT+;TQ1 (XI11.43)
S; 1a hop phdn cia entropi img v6i timg dang chuyén dong riéng r& (nhu S, = entrdpi
tinh tién, S, =entrépi quay v.v...). S; vin tinh theo (X1I1.25) clia théng ke c6 dién. .

2. Nhimg ham nhiét dong cha khi li twdng don nguyén tir

Dai véi khi I trmg don nguyen 1y, wic 13 phan dr chi ¢6 1 nguyeén tir (nhi cdc khi tro
va hoi ciia nhidu kim loai) khéng ¢6 chuyén déng quay va dao dong, do d6 moi thudc
tinh nhiét dgng cha n6 chi do chuyén dong tinh ti€n va chuyén dang electron quy dinh.

_ a) Hop phdn tinh tién cia cdc kam rhiét dong. Theo (XII1.30) téng trang théi tinh
tién la:

_ @rMKTY 2V )
Q -—-—-—-—-—h3N3 7 .dodé:
(an)"’2 3 3
nQ = Q’N—‘ = EMM + -z-luT +InvV

ainy, 3 dinT - i

T 2 dT 2T

Tir d6, ta tinh duge Uy theo (XI11.26) :

Ug= RT? afan{rgl - % RT (X1I1.44)
Cy, = ﬂ - _z.R= 12,471 J/K.mol (XII1.45)
5¢ tinh theo (XII1.43) : §; = RinQ; + RT aj;?‘ =
3f2
—Rin (2ﬂk)3 5 + IRIM + SRIT + RmV + 3R,
B N, ¥ 2 2 2

B6i véi 1 mol khi If tréng V =RT/p, do d6 :
RinW=RIzR+RinT-Rinp

Qnk)*?
5;=Rin —R + RirR + —Ri'nM + —RInT -Rinp (X1I1.46)
T 312 2 2
h3N,
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b) Hop phdn electron cia cdc ham nhiét déng. Theo (XIIL40) tdng trang ihéi

electron 3 Q, = gge O° T ve thuc chat, dai lugng ndy chi fng véi miic electron co

ban, khong kich thich ciia phéin t&, cdn cdc mifc electron kich thich déu bd qua. Theo
(XIL41) InQ, = ingy - Uy/RT, do dé : '

amQ, U,
T  RT?
wdé: U, = RT? %—'%i = U, =const (XIIL4T)
- o
Ve T gr
S. = RinQ. +RT IQ" = Ring, - Yo + Lo
T T
Vay: Se=Ring, (XI1L.48)
¢) Nhitng ham nhiét déng todan phan dot voi 1 mol khi I twong don nguyén ui.
U=U +U, = %RT +U, (XI11.49)

C\,r =CV,I. +C\‘.r,¢ = C\r‘l =%R = 12,471 JJK.mol.

Ddi v6i entropi, sau khi cong S, v6i S_, phdi b8 sung thém s6 hang hiéu chinh bing
R - RiuN,, tic {2 tinh S toan phin theo (XI11.42) :

372
8= 5 +5,+ R -RinN, RJ'—(-zqrtﬁ:,“,—2 =R +RiR +
h*Na
L. — -~
96725 (D)
+-%RinM + -i-RlnT ~Rinp+Ring, (XIIL.50)

(XIILS0) 1a hé thiic Xackura - Tétrdt (Sackur Tetrode, 1912).
Tai dp sufit chuéin p =1,013 bar, Rinp =0, ta dirgc :
= %anM + —;—R}nT + Ring, — 2,314 ' (XIIL51)

$° = 6,8634gM + 11.4374gT + 4,5T51gg,, — 2,314 (XIIL.52)
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& T=298,15K (=25C) :

S30p =6.8631gM + 4,575kgg,, +26,0 (XI1.53)
Ti€p theo, ta tinh : ' ’

H=U+RT= U, + %RT —Hy + %RT (XIIL54)

T
Uy =H, b3ivili= UB+ICVdT vaH=U +RT=

4]

T T
= U, + _[(cv +R)AT = U, + _[cpd'r
4] Q

T
Matkhic  H= H, + IdeT .dodé U, =H,
(1]
Tiép theo :
C, =Cy +R =%R = 20,785 J/K.mol (XI1155)

G'=H" - Ts® =H + %RT —-;»RTMM —%RTMT - RTingy +2,314T (XIIL56)

0 _ 0
G -Ho _dp -%RinM ~~‘;-Rin'1‘ ~Ring, +2314 (XIILS5T)

T 2 _
=—6,863{gM ~ 11,437gT - 4,5751g gy + 7,282 (XIIL.58)
Ham " (G® ~ H2) /T thudmg, goi 3 thé chudn rit gon v ding ¢ tinh can bing hod
hoc (xem § 8).
3. Nhimg ham nhiét déng cOa khi i tuéng da nguyén tir

D61 v6i khi Ii tuomg da nguyén i, tgc 12 phan tit ¢6 n nguyén & (n = 2), nhig hop
phin tinh ti€n va electron cha cic ham nhigt ddng gidng nhu ciia khi If wéng don nguyén
tiz d3 tinh & trén. Ngoki ra cdn c6 nhimg hop phén quay vio dao dong.

Chu ¥ la d6i v6i nhitng hop phén ndi phan tir (quay, dao dong) vi H = U + RT
nen H =H, + Hyy; = U+ Uy + RT, nhumg H, = U, + RT, do d6 :

Hyy =Unsi (XI11.59)
dH_, dU '
Congi = _d:lf:ai = "ﬁ = Cy agi (X1I1.60)
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Ngodima :

Gpai = Higi = TSngi = Ungi — TSngi = Frei (XilL61)
a) Hop phdn quay ctia cdc ham nhiét dgng :
1) DSi véi pledn 1 2 nguyén nt va phdn nr n nguyén 11t thdng. Theo (X1IL31) 18ng
trang thai quay 2 Q, = 87°KT lioh”, do d6 : -

2
k
InQ, = in EE-I— + T + ln%

oInQy  dinT _ 1

oT dT T
tir d6 1a tinh dwoc nhitng hop phin quay cha cic him nhiét dong :
Sin)
_ T k< .
Uq = Hq = RT 3T =RT (XI1I1.62)
CV,q = Cp,q =R . (XIH63)
S, = R/ RT %0 _ RinT 4 Rin!
q = P‘IQq + T-'ar— = nl + J‘I‘; +
2
+Rin s:zk +R (XIIL64)
S
=742,66 (1)
G, I
T = —RIan = —RInT — Rin — - 175,68 (XIIL63)
a

2) Déi vii phdn tit n nguyén ui khong thing. Difa vio t6ng trang théi quay (XI111.32)
va ciling tinh nhu trén, s& dugc :

3
U, = H; = =RT XIIL.66
q q 2 ( )
Cyg =Cpq = 3 (XIIL.67)
V’q P4 2 : "
3 1., I4lglc
54 = =RinT + —Rin e + 267,67 (X111.68)
2 2 s

b) Hop phin dao déng ciia cdc kdm nhiét dong.

1) Do voi phar ut 2 nguyén ni (c6 1 bac ty do dao dong), tir ing Irang thai dao dong
(XII1.35) tacd :

mQy = - In(l — ¢ %T)
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Ap dung quy tic tinh dao ham cha ham hop s fim thdy :
dinQq _ 1 _O/T
daT T T

Tirdé :
dinQ 9/T
U; = Hy = RT? d - RT = Ug(®/T XI1L.69
d 4T CBIT—I E( } ( )
(ET 8T
du, T
C\.r‘d =Cp,d =E— = RW = CE(BJ"T} (XHI?U)
Fy = Gg = —RTinQy = RTin(1-¢¥Ty = F(8/T) (XOL71)
d[ﬂQd
Sy = R RTZA
¢ = RinQq + RT=

0/T -8/T
= R{ ST ] —Inl-e }] = Sg(8/T) (XIIL72)

Ug(8/T), Cg(8/T), Fg(8/T) va Sg(0/T)Ia nhimg ham Anhstanh trong ing véi
ndi ning Uy, nhiét dung Cy, 4, ning lxng wr do F, va entropi S4 d6i v6i 1 bc ty do dao
dong. Chii ¢ ring d6i v6i hop phén dao dong Cy 4 ciia nhigt dung Cy, chia kbi I tuéng,
phuong phip théng ke cho két qua triing véi thuyét nhiét dung chia Anhstanh.

Cic ham Anhstanh dugc tinh sén thanh bing nhimg gi4 i & cac O/T khéc nhau.

2) Do voi phdn ti n nguyén nt (n 2 3), s8 bic w do dao dong 1A m = 3n - 5 48i vé6i
phén tir thing va 12 m = 3n - 6 d5i v6i phan tr khong thing. KhidéQdcédang(XIII.%)vﬁ:

Uy = Hy = ZUE(B /Ty= ZRT ee’,,‘;T (XIIL73)
im]

Cya = Cpy = ZCE(BIT) (XIIL74)

Fy = Gy = ZFE(Bi I =ZRTm(1-e‘9i”) - e

= > 5 0/m) : (XIIL.76)
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¢} Nhiing ham nhiét dong toan phdn doi vor 1 mol khi 1 tuong da nguyén ur. D& thu
durge nhimg ham nhiét dong toan phin ciia khi If tuéng da.nguyén tr, ta ldy nhimg ham
nhi2t déng toan phdn cdia khi don nguyén tir (d& gém hop phén tinh tién v hop phin

electron) cong thém nhitmg hop phin quay va dao déng.
Thi du, d&i v6i phdn ni 2 nguyén nii s& duge =

U= UD + -52"RT + UE(GIT)
5 R
CV = ER + CE(GIT)
7
H=H, + >RT + Ug@/T) : Hy = Uy

= %R + Cp(0/T)

3

s° = ~2-R1nM + %Rh:T + le_gg_ + S (8/T) + 175,36
g .

Gu _ HD

—— 6.8631gM ~ 16.015/gT — 4,5751g 22 +
d

+ 45751g(1-¢ Ty - 168,40

CI —%RInMvgkfnT—leg-‘l + Rin(1-e¥Ty_ 168,40
[+

(X177

(XIIL.78)

(XI11.79)

{XII1.30)

(XIIL81)

(XIIL.82)

(XII1.33)

§8. TINH CAN BANG HOA HOC TRONG KHi Li TUGNG

- D6i véi AGY clia phan img, ta c6 thé viét :

AGT _ AGE _ AHp N AHS,
T T T T
Tuac 1a :

AG _ [GF-H§ |, AHS
T T

g day :
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G} - HJ G$ -Hg Gr —HJ
A[_T___O_] = Z[L__] - Z[_T_Q.} (XIIL.85)
T ' T cudi T diu

vi AHS = AUS 1a hiéu ting nhiét chudn clia phin iing gia dinh 6p =1 atm
vaT = 0K,
Mat khac :

o o LA] 4]
ik, =L 26t LI\ GrzHa ) Mol xmse)
R T R T T

Nhu vay, dé tinh K,, phai biét the chusn rt gon (GF ~ HG)/T d6i
v6i moi chat trong phan tmg va phai biét hiéu dng nhiét gia dinh AH]
cuia phan ing. - '

Thé chudn rit gon ciia nhiéu chét khi & c4c T khdc nhau thudng duge
lap thanh bang trong d6 c6 ci sinh phiét chuan (hiéu vng nhiét hinh

thanh) AHS ciia nhimg hgp chét khi (d6i véi don chat AHS = 0). Khi

d6 ¢6 thé tinh AHS clia phin iing theo quy tic sinh nhiét thong thuong :

(AH)py = Z(AHQ )eysi — Z(AHD asy (XIIL.87)

Khi khong c6 di s6 lieu v& AHS eia c4c hop chat khi thi c6 thé tinh
AHZ clia phin iing theo hé thic sau :

(AH3)ps = (AH3gg)pg — A(HSgg ~ HG) (XIIL88)

Bdy gi& xét mot thi du. Tim K, cta phn im}f :

CH (k) = CH,(k) + Hy(k)
& 1000K bing cich sit dung nhitng dit kien sau :
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(G ~HY)/T Ml
6T = 1000K kJfmol
Jimol. K .
H, . - 135,43 0.
CoH, - 217,40 227,10
- 60,69
C,H, 239,47
Giai & 1000K
o) _ HD
A —T_F—" =(-217,40-135.43) - (-239,47) = - 113,36 J/mol.K

(AHg)pe = 227,10~ 60,69 = 166,41 ki/mol

(AHD)a 166,41 kI /mol
T 1000

a6t _ Af05-m3) | ame
T T T

= 166,41 J/mol

=-113,36 + 166,41 = 53,05 J/mol.K

1] At . . '
KK, < - AGT 1 AGT ._3305 =27
. 2303RT 19147 T 19,147
wdé:

-3
K, = 1,7.10
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CHUONG XIV
QUY TAC PHA. GIAN B0 PHA

A - QUY TAC PHA
§1. MOT SO KHAI NIEM

1. Pha

Tap hop nhimg phin déng thé gidng nhau ciia mét hé hop thank mot
pha (hay tuong), gi6i han véi nhimg phdn khdc bang nhiing bé mat phan
chia (xem Ch.1.§2).

2. Chat hgp phédn cla hé :

La nhiing chdt hod hoc trong he, ¢6 thé tich ra khéi hé va t6n tai &
dang co lap mot thai gian lau & ngoai he. Thi du, d5i vé6i dung dich NaCl
trong nudc, nhig chat hop phan 13 H,O v NaCl; nhiing ion Na vaCl
tuy ton tai trong hé dudi dang nhitng ti€u phan chuyén dong doc lap

nhung khong thé xem 12 nhimg chdt hop phén vi khong thé tich riéng ra
khoi he va t6n tai & dang c6 14p & ngoai hé.

3. Cautr

S0 cdu tir cha he¢ 1a s6 nhd nhét nhimg chét hop phin di dé xdc dinh
thanh phan mot pha bat ki clia hé, hoac s6 cu tir 1a s6 chat hop phdn ma
ndng d6 c6 thé thay.d6i doc lap trong mdi pha ciia hé.

Néu cdc chat hop phin khéng tudng tic hod hoc v6i nhau (khong ¢6
phan.iing hod hoc) va néu cdc pha ¢6 thanh phén khéc nhau thi s6 ciu tir
bing s6 chat hop phin. Néu ¢6 phan tmg hos hoc trong hé thi luong cia
nhifng chat hop phin tham gia vio hé can bing phai phu thudc vao nhau.
Khi d6 khéng cdn biét lugng ciia t4t ca moi chat hop phin, chi cdn biét
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luong ciia mot s6 nao dé chat hop phén 1a di dé xéic dinh ihanh phéin pha
clia he can bing. Nhimg chét hgp phdn nay g0i 14 chat hop phdn djc lap
. clia h¢. 86 cia ching chinh 1 56" cd 127 cida hé. V& nguyen tic, viéc lya
chon chat hgp phin ndo 1am cu tir ciia he 1a ty ¥ & mifc do nao d6.

Vin dé quan trong khong phai 1 di chon chét hop phin nao lam cAu
tlt, ma 1a & ché hé cé bao nhiéu ciu tir (thc 1a c6 bao nhiéu chit hgp phan
doc lap). Néu trong he ¢6 phan fing hod hoc thi s6 c&u tir bing s6 chat
hop phdn trir di s6 phan tng doc lap, hodc néi chung 1 trir di s6 phuong
trinh lién hé néng do ciia c4c chdt d6 trong he can bing.

Thi dy 1. Xét hé 2 pha c6 nhitng chat hop phdn 13 NH,Cl rin va nhitng khi NH, va
HC1 hop thanh pha kb & trén’ pha rin NH,Cl. T8ng s6 chat hop phén cda hé [a 3. Trong

pha khi, khdng c6 hoi NH,C1 vi khi NH,CI (rdn) thang hea, thi 6 phan Ii thue t€ hoin
toan theo phuong trinh:

NH,CI(r) = HOKK) + NH, (k)

Khi can bing, néng d0 cia nhitng chat hinh thinh nén pha khi Yi¢n hé v6i nhau bing
mdt phrong Irinh:

[NH,] [HCl) =K

Do d6 s6 cfu tif ciia he bing 3 — | = 2, nghia 1a dé xay dung nén he hai pha dé chi
cin hai chat b#i ki chon tiy ¥ trong s& ba chét hgp phén ciia nd 1a 40, thi dy ¢6 thé chon
NH,Q1 va HCI hoge HC1 va NH; v.v...

Né&u them diéu kign thif hai [NH;] = [HC1], nghia la them mot phuong trinh lién he
ndng ¢ cic chdt, thi s& cfu i cha he gidm 1 don vj tic 12 bang 3 - 2 = 1. He thoa man
ca hai phuong trinh d6 I3 hé thu duoe tir NH,Cl (rin); tir chét nity o6 thé x4y dung dugc
cd hai pha cia h¢ (pha rin va pha khi). _ .

Thi du 2. Trén 28°C, dung dich nude ciia Na,SO, v KNO, khong hinh thanh hidrat,
Giifa Na,50, va KNO, trong dung dich c6 phin tng:

2KNOj; + Na; S0, = K;50, + 2NaNO, (a)

56 chat hUp phﬁ.ﬂ ciia hé las gﬁm HzQ, N32804, KNOa, KzSO4 va NﬂN03. 56 ph:in

Ung lal. Viy s cAutircha he 12 5-1 = 4.

Thép hon 28°C, hidrat Na;S0,.10H,0 ¢6 thé tdch ra khdi dung dich. Khi dé tdng s6
chft hop phén 12 6 nhumg s§ cfu tir vin 12 4 vi, ngoai phén ting (a), ¢6 thém phan Vg
mdi, doc lap:

N2,50, + [0H,0 = Na,S0, . 10H,0 )
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§2. QUY TAC PHA

Ta xét trudng hop 1dng quét nhat cia mot he di thé gém K ciiu wr
phan b6 trong ¢ pha, trong mbi pha déu c6 mat tat ca K cdu tlr. Khi ¢6
can bing trong h¢ di thé thi: '

1) nhiét do cia t4t ca moi pha phai bang nhau;

2) ap sust & moi pha cing phai bing nhau;

3) th€ hod hoc cia m®i cau tir i phai bing nhau & moi pha.

1. Thist 1ap quy tic pha

Pé thiét 1ap quy tac pha, ta xét: _

a) S& tham s6 can bdng. Hai tham s& cuong do quan trong nhét c6
anh hudng dén can bing 1a nhiet 40 T va 4p sudt p. Thanh phan mdi pha
ctia hé ciing 1a nhimg tham s& can bing quan trong. Néu bidu thi luong
ciia mdi cdu tir trong mdi pha béng 46 chita % chéing han thi d6i voi mbi
pha chia X cdu tir, chi cén bi€t 46 chifa % ctia (K — 1) cdu tir la di. Do
46, d6i v6i ¢ pha, s6 nong dd doc lapla ¢ (K - 1). Vay t6ng s6 tham s6
can bing 122 + ¢ (K-1).

b) S6 phuang trinh lién hé cdc tham 56 cdn bing. Khi c6 can bing the )
‘hoé hoc ciia mbi cdu tif i trong {4t ci céc pha phéi béng nhau. Néu dung
nhimg d&u phdy dé ki hieu cac pha va ding nhimg chis6 1,2, .. Kdé
chi cac cu tir thi d6i v6i sy phan b6 can bing ciia K cifu vir trong b pha,
tacéd: '

.....................

T

K (¢ — 1) phuong trinh
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Mbi hang c6 (¢ — 1} phuong trinh, t4t cd c6 K hing, vay tdng s6
~ phuong trinh lien he cac the hod hoc 13 K(¢— 1). D6i v6i mbi pha, the
hod hoc clia méi c4u tiri 12 ham cba T, p va cla thanh phédn ciia pha dé.
Nhu vy, 56 K(¢— 1) phuong trinh lién hé cdc th€ hod hoc khi c6 can
bing ciing déng thoi 1a s6 phuong trinh lién hé cdc tham s& can bing.

¢) Bién dg hay s6 bdc nt do nhiét dong cia hé

Téng s6 tham s6 can bing clia hé 12 2 + ¢ (K — 1). Tdng s6 phuong
trinh lién hé ching 1a K(¢— 1).

Vay s6 tham s& can bing doc lap, khong bi mét su rang bude nao la

F=2+0K-1)-K@-1)=2+¢K-¢—9K+K

f=K+2-¢ (XIV.1)

f goi 1 56 bdc tw do nhiét dong clia he, hodc vén 1it hon, sé' bdc tu do
hay bién d¢ cha he. D6 12 s6 16i da nhimg tham s& doc 14p c6 thé bign
thién tuy y (di nhién trong gii han ndo d6) ma vin khong xam pham
vao can bang cia hé di thé. Ciling c6 thé néi f 1a s6 nhimg tham s& trang
thdi clla hé ma ta c6 thé chon thy ¥ gi4 tri cha chiing (trong gidi han nio
d6) ma khong Jam thay déi s6 pha cha he. (XIV.1) la biéu thifc clia quy
tde pha do Gipxo thiét 1ap (1876) va c6 thé phit biéu :

86 bdc e do f cita hé bang 56 cdu nk K, cpng 2 va trix di 36 pha § cia hé.

Danh tir "quy tic" thudmg dugc hiéu 12 mét quy luat riéng, gin diing.
( day thi khong phai nhu vay. Quy tic pha 1a mot dinh luat chinh x4c,
diing cho moi can bang pha. N6 1a dinh lut ¢o ban trong linh wirc
nghién cttu nay. '
Néu mot trong hai tham s6 p hodc T dugce giit ¢& dinh thi s6 bac tu do
cla h¢ giam bét 1 don vi :
fa=K+1-¢ (XIV.2)

Khi dé £y, goi 1a 56 bdc tir do ¢6 diéu kién (dk = diéu kién). Néu ca
hai tham s6 p va T déu khong déi thi s6 béc tu do 6 didu kién (kép) cia
hé bing :

fdk =K- ¢D (XIV3)
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Vi 56 bac tu do f clia he khong thé 1a am (diéu nay khong c6 nghia) .

:ho nén tir (XIV.1) suyra:
f=K+2-¢20ticlap<K+2 (XIV.4)

Néu K = 1, ¢ < 3, nghia 1a hé 1 cdu tir (thi dy chat nguyén chét) chi
c6 thé 16n tai dudi 3 pha can bing déng thdi v6i nhau 1 nhiéu nhit.

Quy téc pha ciia Gipxo dugc thiét 1ap véi gia thi€t mbi cau tir c6 thé
chuyén tur do (khong bi can trd) tir pha nay sang pha khic. Do d6 n6
khong 4p dung cho nhimg h¢ gom nhitng chit (dung dich) ngan cich
nhau bdi nhimg mang bin thim.

2. Phan loai cac hé nhiét déng

Cic hé nhiét dong ¢& thé phan loai:

a) Theo s& cdu 1 : hé 1 c&u tir hay h¢ bac nhat, h¢ 2 cdu ti hay hé
bac hai, hé 3 cdu tr hay hé bac ba, v.v...

b) Theo s6 pha : h¢ 1 pha, 2 pha, 3 pha, v.v...

¢) Theo 56 bdc tu do (bién d6): hé khong bién hay bat bién (khong cb
bac oy do nao, £ = 0), hé 1 bién (f = 1), he 2 bién (f = 2), he 3 bign (f = 3)

V.V...

B — GIAN PO PHA HE MOT CAU TU
§3. GIAN BO PHA CUA NUGC

1. Nghién clru & vung ap sudt trung binh
Hinh XIV — 1 trinh bay gian d6 pha (ciing goi 12 gian d6 trang thai)
ciia nuéc H,O trong mat phing p, t & ving dp sudt khong cao lam

(p < 2000 bar). N6 dic trung & chd khdc véi tuyét dai da s§ céc chdt
1ong khac, nudc c6 thé tich rieng & thé Idng bé hon & thé rén.

Hinh XIV — 1 dugc trinh bay & dang rit so luge, nghia 12 khéng theo
nhitg ti 1& chit ché. Dudng cong RI la duong thang hoa, con IN la
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dudng nong chdy va IK 14 duong hod hoi. Ba dudmg d6 gip nhau & diém
1 1a diém ba ctia nude. Chiing phan chia gidn d6 ra lam 3 vdng (hay
mién), m&i viing ving véi su tn tai chia mot pha : nuée d4, nude léng va
hoi nu6c. O méi viing d, he ¢6 hai bic ty do : p va T ¢6 thé nhan rieng
1€ nhiing gid tri thy ¥. Con ban than mdi dudng biéu dién 1a quy tich
nhitng diém dng v6i sir tén tai dong thdsi chia 2 pha can bing : dudng
thang hoa RI Ung véi can bang rén — hoi, dudmg hod hoi IK véi can bing

“long — hoi va dudng néng chdy IN véi can bing rin — 16ng. Tai méi
dudmg cong d6, hé chi con c6 mot bac tir do : trong hai dai lugng pva T,
chi mot 1a doc 1ap, su phu thude 14n nhau giita p va T duge x4c dinh bai
phuong trinh Clapéron — Claudiuxo.

P N
218 bar |--
Rén
1 bar
0,006 bar [---=----=3
B —7
|
R |
' L 1

0,0008 100 374°C
— . nhiétds,°C '

Hinh XIV 1. Gian 46 pha cha H,O trong t0a 40 p, t & viing 4p suflt trung binh

Dutmg hod hoi IK dimg lai tai diéim tdi hgn K ting v6i p, = 220,88 bar,
t = 374°C = 647,2K. Sy ho4 16ng (ngung tu) ciia hoi nuéc chi c6 thé

xdy ra dudi nhiét d6 t6i han 374°C. Vugt qué nhiét do t6i han thi khong
thé nao 1am cho hoi nuéc hod 1ong duge. Pudng cong chém chim IB 1a
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doan kéo dai cda dudmg hod hoi IK. Né xdc dinh 4p sufit hoi bdc hoa -
trén nuée cham dong (can bing gidi 4n). Trang thai nay 1a kém bén nhat
va nudc cham déng Iuén luén cb 4p sudt hoi (va do dé c6 the hod hoc)
1én hon nude di & cang nhiét do.

Trong trudng hop chung, o6 thé chimg minh réng dp sudt hoi cia pha
gidi dn bao gié ciing cao hon cia pha bén (n6i khidc, duimg thing hoa
RI ludn ludn déc hon dudng hod hoi BIK & gin diém B). '

Hinh XIV -2, Gian a6 khong gian vé trang thai clia H,O & viing 4p sufft cao
{theo Karapétchién)

Duding néng chay IN clia nudc dd ddc léch sang phia trén bén trii.
Diéu nay ching'td nudc dd c6 thé tich riéng 16n hon clia nuéc 1ong hodc
ti khéi nude di (p = 0.92) bé hon clia nude 1ong (p = 1). Do d6 theo
phuong trinh Clapéron — Claudiuxa (V1.31) nhiét d¢ néng chay ciia nuéc
da phai giam khi 4p sudt ting.
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Nhimg toa do Ung véi diém ba I ca nuée Ia Py = 4,579mmHg =

= 0,006099 bar va t; = 0,0098°C (tinh tron 12 0,01°C). Do d6 néu gan
cho n6 nhiét d 273,16K thi nhiét do néng chay chudn ciia nuée ds phai
bang ding 273,15K. '

2. Nghién ¢t & viing ap suét cao

Hink XIV-2 15 méd hinh
khong gian vé trang thii cia
nuSc & nhimg 4p sust cho 16 8000
10130 bar. Gidn dé XIV - 3 1a
hinh chi€u cita m6 hinh khéng
gian 1én mat phdng p, t. Ciing
nhu d6i véi mo hinh khéng 6000
gian, teén gidn dé phing p, t
khong thé ghi duémg hod hoi IK
vit dudmg thing hoa R céa nuédc
da thwimg (nude dd 1) boi vi
nhimg 4p sudt hoi wong dng ta
tdl thip so voi thang dp sudt
dugc chon trong gidn 48, do dé 2000
nhiing dutmg hod hoi vA thing
hoa thuc € [a tring v6i wye

4000

— p,bar

hoanh.

Ngudi ta phéat hién ra nhiéu 1} I 1 1 1
dang nudc dd mdi : nudc da 11, £0 40 20 0 20 40 &0
IIL ¥V, VI va VII & viing dp susit — O

cbi?).(llléhi(zoeé?zrufitod?l m Hink XIV-3. Gian dé pha cﬁa=H20 @ viing 4p sudt
di thumg) 14t ca cic dang nude cao trong mat phang p, 1.

dd d6 déu c6 thé tich rieng bé

hon ciia nudc 16ng, tic 1a ¢6 ti khoi 16n hon cia nude 16ng vii do d6 néu c6 duimg néng
chdy thi dudng nay léch sang bén phii (riéng nuéc da I khang c6 dudng nong chay).

" Nube d4 II duge phat hign ra tnrde tién & viing 4p sufit cao, sau 46 dén nudc di 11,
con sir 16n tai ciha nude dé IV vé sau bi phi nhin, né khdng dng véi mot dang bén mdi,
ma 16 ra chi 1a dang gidi dn (kém bén) clia nhimg nudc da 11 va 1. Nude di VII chi tén
tai & dp sudt rdt cao nén khong dugc ghi trong gian 46 XIv-3.

- DuGi day 12 G khéi trung binh cdc dang nudc d4.

Nudc da 1 Il IH v VI SV
Ti khéi 0,92 112 1,03 1,09 1,13 L5

Béng XTIV — 1 trinh biy nhilng di kién vé c4c diém ba ciia nuée. C6 141 ca 7 didm ba : 1
& 4p sudt thip va 6 & viing 4p sudl cao.
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Bdng XIV ~ 1

Nhiimg diém ba ctia nude

Diém ba - Pha c6 mat Ap sufit (bar); Nhiet 46 (°C)
I Nuée d4 1, nudc, hot 0.006099 +0,0098
A 1, 01, aude _ 2072 -22,0
B 111, V, nuéc 3464 -17,0-
A LIL 1 . 2127 -34,7
B IL I, V . 3445 -24,3
C V, VI, nuée 6256 + 0,16
D VI, VII, nuéc 22696 +816

C - GIAN DO PHA HE HAI CAU TU
§4. DAl CUONG VE HE HAI CAU TU

1. Thanh phdn

Thanh phén mdi pha ciia h¢ 2 cdu tir A va B cling nhu thanh phén ciia
he t6ng quit c6 thé x4c dinh bing lugng twong dsi ciia mot trong hai cau
ur, thi du clia B. Luong tuong d6i thudmg 1a : 1) phdn khéi luong hay %
khoi lugng (hay trong luong) cha B; 2) phdn mol hay % mol (hoic %
nguyén i) cia B.

Céch thif hai c6 thuén loi 12 cho kha ning suy ra dé dang thanh phan
hoé hoc clia nhitng hop chat ¢6 thé sinh ra trong hé. Thi du hop chat AB
ing v6i 50% mol B, hop chat AB, (g véi 66,6% mol B, v.v...

Thanh phin ciia hé tdng qudt va thanh phan cac pha clia hé déu duge
ghi trén cling mot truc toa do.

2. Quy tic don biy

D6 1a quy tic cho phép xdc dinh lugng twong d6i cha hai pha can
bang thudc cing mét he.
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Goi M, M, va My, 14 nhiing diém biéu dién cda he téng quat va cia
hai pha a va b trong gian d6 p — x hay t — x (hinh XIV-4). Nhiing diém
- M, vA My, thudng goi 1a diém lién hop. Puong thing M, My, goi 1a ducng
niit hodc duong dong miit. Quy tic don biy khing dinh ring ;

lugng pha b _ MM, (XIV-5)
lugng pha a MM,

tic 1a luong moi pha 16 nghich véi
khodng cach tix diem bidi dién cia
né ti diém biéu dién cia hé tong qudt.

Goi m 12 56 mol clia mét hdn hop 2 cfu
ur A va B trong d6 phén mol cia B la xg = x.
Gia thir & p, t di cho, he d6 chia 1am 2 phaa
vi b. Goi m, | s6 mol cia hé chuyén viio
pha a va'm, = m - m, Ia 56 mol cia he
chuyén vao pha b; x, va x,, 12 phin mol cia B
trong pha a va pha b. Hién nhién ring s6 mol
cia B trong hé xudt phét phdi bing tdng s6
mol ctia B trong 2 pha, 1ic Ia :

MX = m,X, + MyX,

Hinh XIV-4. Quy tic ddn by

Phuong trinh nay c6 dang triing véi phuong trinh cia don by loai 1 trong ca hoc.

Bua m =m, +m, vao phutong teinh trén :

(m, + my)x = myx, + myx,

Chia 2 v& véi m, :
. x+E'-'?-x= Xa +-m—bxb
my Y
hodc :
E!l(x-- Xp) = %, -x
m‘
txdé: -

my xa—xi MM,

m, x-x, MMy

Nhu vay 12 43 thigt lap duge quy tic ddi bdy (XIV - 5).
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§5. HE HAI CAU TUf HOA TAN KHONG HAN CHE
| VAO NHAU 8 THE LONG, |
cO PHA RAN KHONG PHAI LA DUNG DICH RAN

I - HE KHONG PHAI LA DUNG DICH NUSC (KHONG CO H,0)

1. H2 2 c&u tir khéng hinh thanh hgp chit hoé hoc, cé dtecti
don gian ' S '

a) Phan tich hod li va phdn tich nhiét. Duong ngugi. Phan tich hod li
14 phuong phip nghién citu nhitng thudc tinh vat Ii ciia he theo thanh
phén ciia he. Nhimg thuoc tinh duge nghién citu c6 thé 13 4p sufit hoi,
nhiét do soi, nhiét do két tinh (hay néng chdy), 4o tan, ti khéi, do dan
dién v.v... Vién s1 Lién X6 N. X. Cuaronacop di c6 nhiéu déng gép quan
trong trong viéc xay dung phan tich hod Li. '

p=const 7
ek
_________ 5 /1
————————— 1
. i
I
.
b
I\N/4 1 |
PTE o te
i bl
i 1 ] 1
L1 Lo
Xe 1
< B
a) b) i

Hinh XIV-5. Xay dung gidn d6 k€t tinh clia h¢ 2 ciu tir A va B theo nhiing duong ngudi
~ &p=const. 2) Nhilg dudng ngudi (nhiet do — thisi gian) tmg v6i nhifng thanh phén khic
nhau cila hé, b) Gian d6 két tinh (hodc néng chdy) cda he 2 cfu 1 c6 otecti don gian
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Mot trong nhitng dang phé bi€n nhat cia phan tich hod If I3 phdn tich
#hiér. D6 1a tap hgp nhimg phirong phép thue nghiém xéc dinh nhiét do,
tai do trong hé c6 su thay ddi s6 pha. Hinh XIV-5 trinh bay mot cich
Xay dung giin d3 pha (gidn d6 két tinh) clia hé 2 ciu tir A va B ¢6 otecti
don gidn nho nhimg phuong phdp phan tich nhiét.

Cu tit rin A hay B nguyén cht hogc hén hop 2 cfu 1 rdn A va B theo nhimg thanh
phin khic nhav duge dun néng cho nong chdy hét thanh thé 1dng & p = const r6i dé
yén cho ngudi di. Theo ddi nhiét d¢ ciia chiing theo thoi gian (thi dy cd 30 giay ghi
nhi¢t do mot 14n), ta duge nhimg dudng cong nhiét d6 - thisi gian £91 1a diémg ngupi
(hinh XIV-5a).

Pudng ngudi ciia A nguyen chit (dudmg 1) hay B nguyén chat (dudmg 7) gdm nhing
nhinh gdn nhu doc thing ding, ching 16 sy ngudi khd nhanh, khi i nhiét do ket tinh
(hay néng chiy) 1, d6i vai A va tg d8i vi B thi ¢6 mét doan thing ngang ching 1o nhigt
d9 khong ddi; d6 13 do c6 nhiét két tinh (bing vi ngwoc dfu véi nhi¢t néng chdy) duoc
tda ra b vao chd mat nhigt do nguoi tr nhién, ket qud 1a A hay B nguyen chit ket tinh &
nhi¢t do khong ddi (duéi 4p suat p ngoai khong 46i) ; sau khi d3 ket tinh xong thi nhiét
do méi lai ti€p we ha thip, do dé lai ¢6 mot nhanh doc, nhung kém doe hon nhanh
ddu tien.

bdi véi hén hop 2 cdu ur A va B theo nhitg thanh phin khdc nhaa, dudmg ngudi cla
chiing 13 nhitng dudmg 2, 3, 4, 5, 6 trén hink XIV-5a. Néi chung, nhimg duimg ngudi
ndy thoat ddu ciing gém mot nhanh déc g4n thing dimg (ngudi nhanh), khi téi nhiét do
bdt ddu két tinh cha dich néng chdy (pha long ciia hén hop 2 cdn 1ir A va B) thi ngudi
cham lai do ¢6 nhié1 ket tinh dugc ba ra nhimg chua di d€ tam cho nhiét 36 khong d6i,
diéu nay dwge phan 4nh tién dutmg ngugi bing mot nhénh déc it hon so vdi nhdnh dau
tién (trir dudmg ngudi 4). Sir ket tinh dich néng chiy sé cho tinh thé A nguyén chat hay
B nguyén chat thy theo thanh phén xp cha dich chay bé hon Xg (dudmg ngudi 2 vi 3) hay
I6n hom x; (dudng ngudi 5 va 6).

Hén hop 18ng ¢6 thanh phén bing ding x;; goi i hdn hop orecti long, nd két tinh &
nhiét d9 t; goi 1a nkiérds otecti, 1a nhi¢t 44 thap nhdt so vai nhiet d0 bit ddu ket tinh cita
céc dich nong chiy khic, k€ cd ciia A v B nguyén chit. Hon hop otecti 16ng thudmg chi
goi don gian 13 grecti {ong. Khi otecti 1dng ket tinh, né cho otecti rén 1a hdn hop nhimg
tinh thé A va B sinh ra déng thoi. Chi ¥ rang atecti Iong I3 mot pha ldng (1heo gia thigt,
2 ciu tir A va B hoa tan vio nhau theo bat ki 18 ndo & the 18ng) con arecti rdn gom 2
Pha : pha tinh thé A va pha tink thé B. Nh viy tai diém otecti E c6 can bing ddng thii
giifa 3 phra song song t6n taila; 1 pha ldng (hén hop otecti 1ng chua két tinh hety va 2
pha rdn (tinh thé A vA tinh thé B). Vi sy ket tinh dién ra & p = const, nén s& bac r do c6
diu ki¢n cita he 2 cfit tlrc6 3 phala fg =2 + 1 - ¢ =3 — 3 = 0. Vay diém otecti E ting
v6i can bing khong bigp (bat bién), khéng cé bac tir do nio cha 3 pha song song tén tai.
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N6i khéc, sy ket tinh clia otecti 16ng phai dién ra & nhi¢t do cecti tg khong ddi gidng
nhu cia chit nguyen chat. Budmg ngudi 4 cla otecti 1dng 6 dang gidng nhu ctia A hay
B nguyén chat.

Nhimg dich néng chdy ¢§ thank phdn khdc nhau bt dfo két tinh & nhimg nhiét d6
khdc nhav (dudng ngugi 2, 3, 5, 6) nhung tdt ca déu ket thic sy két tinh & nhiét do otecti
tg. Tai nhi¢t do nay, bét ddu xuat hi¢n tinh thé B (hay A) d5i véi nhitng dich néng chay
dé cho ket tinh trude tien A (hay B). Nhur thé, tai nhiét do 1 lai c6 3 pha : 1 pha long
(dich néng chiy) va 2 pha tinh thé A vi B, he 13 khong bién (c6 diéu kien, nic 12 &
p = const), nhi¢t d9 1 khong ddi, diéu ndy img v6i mot doan thing ngang trén cdc dudng
ngudi 2, 3, 5 vi 6 cho t6i khi dich ndng chiy két tinh xong, khi d6 nhiét do lai tigp tuc
ha thdp nhimg cham ddn vi hi¢u nhi¢t do cha he va ciia méi trudng Xung quanh da
giam nhidu.

Trén gidn d6 nhi¢t 46 két tinh — thanh phén thinh XIV — 5b) n&n ndi lién cic di€m 1,
2,3.4,5,6, 7 ing v6i nhiét 40 b1 ddu ket tinh theo nhilng thanh phan xp khéc nhau cia
he 2 cu ti, ta s& dwoe dudmg cong 1, Eip clia hé 2 cdu tir o6 otecti don gian.

b) Gidn do pha cia hé 2 cdu ik c6 otecti don gidn

Loai gian dé ndy dic trung cho nhimg hé 2 c4u tir A vA B hoa tan
hoin toan vao nhau khong han ch€ & thé 16ng va khi két tinh khong hinh
thanh dung dich rin, cling khong hinh thanh hop chat hod hoc. Thi dy
Cd - Bi, hé Pb - Ag.

— X

Hinh XIV —6. Gidn d6 pha be 2 cfu ti c6 otecti don gidn
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Nhi¢t do két tinh (hoic néng chay) ciia A va B nguyén chat lat, va
tg. Trén gian d6 XIV — 6, dudng cong t,E 1a qu¥ tich nhitng nhiét do bt
dau keét tinh cia A tr dich néng chay (hén hop hai cdu 1 A va B néng
chay thanh pha 1ong L), méi diém cia t,E biéu thi d6 tan clia A trong
dich néng chay L bio hoa A & nhiét d6 twong Uing.

Puomg cong t;E cling 13 qu¥ tich nhimg nhiét d6 bit ddu ket tinh clia
B tir dich néng chdy L. ; méi diém cha dudng cong d6 biéu thi do tan ciia
B trong dich néng chay 1. Nhiing dudng cong t,E va tgE hop thanh

~dudmg Iong (ti€ng La Tinh 1a liquidus). Diém otecti E 12 giao diém cla
hai dudmg cong toE va tzE. Dudng thing ngang RES goi 1a dudng otecti
hay duong ran (tiéng La Tinh 1a solidus).

Nhilng dudng 1ong t5Etg va dudng rin RES chia gian d6 ra lam 4
ving (hay mién, hay truong) (hinh XIV--6). Ving & trén dudng long
taEtg 12 viing déng thé cla dich néng chiy L (1 pha 16ng), ba ving con
lai 1a nhitng viing dj thé nhiéu pha, viing t,ER : dich néng chay L + tinh
thé A; ving tgES : L + tinh thé B; ving ARSB : tinh thé A + tinh thé B.

Ta x€t qué trinh k&t tinh cba dich néng chdy L ¢ng v6i diém bidu
dién M trén hinh XIV — 6. Khi nhiét d6 ha thdp, di€ém biéu dién M cha
hé¢ tdng quit chuyén dich doc theo dudng thing ding Mabcd. Khi t6i
di€m a thi qu4 trinh ket tinh bit ddu va tinh thé ddu tién cta A tich ra
khoi dich néng chay L. Téi nhiét d¢ tng v6i diém b (diém biéu dién cla
he téng quét), thi diém bifu dién clia pha rin (tinh thé A) 14 r va ciia pha
16ng L (dich néng giz'ly) c4n bing v6i tinh thé A 1a /, diém nay cho thay
dich néng chay ngay cang giau B. Lu'o‘ng trong ddi clia pha 16ng va rdn
du‘oc xéc dinh theo quy tic donbdy : - _ >

luong pha ong L _ br
lugng pha rin (tinh thé A) bl

Khi bit déu 6 dlém ¢, tmg v6i nhiét 4o otecti tg, lugng twong dsi
cha hai pha [ :
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lugng pha long L. _cR
lugng pha rdn (tinh thé A) <¢E .

Péng thoi xudt hién tinh thé ddu tién cha B. He trd thanh hé 3 pha va
khong c6 bac tu do ndo nita (fg, = 3 — 3 = 0), nghia 1a nhiét d6 otecti tg
khong déi va thanh phén otecti xg clia pha 1ong L ciing khong dugc thay
déi. K¢ tir liic tinh thé B bat ddu xudt hién, cic tinh thé A va B khong
ngimg dugc sinh ra ddng thdi tir pha 1ong L, nhumg U ié kh&i luong cua
ching phéi bing ding ti l& khéi lugng ma ching c6 trong thanh phén xg
ctia hén hop otecti 1ong, ¢6 nhur viy méi bao dim thanh phin xg ctia pha
1dng khong ddi cho 16i giot cudi ching. Sau khi pha 1ong trong hé da bign
hé&t, hé lai trd thanh hé 2 cdu tir2 pha (tinh thé A va B) €6 1 bac w do c6
diéu kién, nhiét do lai ti€p tuc ha thap nhung chim hon lic diu.

Trong su két tinh clia otecti 16ng & nhiét do 1 khéng déi, cac tinh thé
A va B sinh ra dong thdi khong ¢6 diéu kién dé 16n lén, cho nén otecti
~ 14n c6 cdu tric hat tinh thé nhd, min, déu dep. Do d6 c6 ¥ kién cho rang
thuat ngit otecti theo gdc Hi Lap eutektos c6 thé hiu 1a “cd cdu tric
déu, dep” (eu = diing, dep ; tektos = cdu triic). Mot ¥ ki€n khic cho rang
eutektos 1a d& néng chay, tic 1a otecti rin 1a hdn hgp dé néng chay nhét
{cd nhiét d6 néng chay thap nhat) so vdi cdc hén hop khic cha 2 cdu i
A va B da cho. '

Con dudng cho bi€t sy thay déi thianh phdn cla pha 1ong tir khi bét
ddu két tinh cho dén khi két tinh xong goi 12 dudng két tinh duoc chi trén
hinh XIV-6 bing dudmg cong ¢6 mili tén alE.

2. Hé 2 cdu tr hinh thanh hgp chat hoa hoc

a) Hop chdt néng chdy hoan nguyén (khong bi phan hity)

Hai cfu tir A va B cé thé hinh thanh hop chit rin c6 diém ndng chay
x4c dinh. Trong nhiéu trudng hop, nhimg chat nay 13 bén va néng chiy
khong bi phan hity, thanh phin cia hgp chét rin va thanh phdn cia pha
léng thu duoc 1A triing nhau. Sy néng chay nay goi 12 néng chay hodn
nguyén (fusion congruente) (ti€ng Latinh congruentis 1a trang nhau).

"Thi du hé CuCl - FeCl,, gian d6 pha cia hé nay iing vé6i hinh XIV-7.
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Pudmg 16ng ¢ mot cuc dai C dng vdi sy hinh thanh hop chat CuCl .
FeCly. Gian dé XIV — 7 c6 thé coi nhu sy ghép vao nhau clia 2 gian d6
riéng ré cla 2 he¢, mbi he c6 1 otecti don gian : hé CuCl - CuCl. FeCl; c6
atecti E va hé CuCl. FeCl, - FeCl; ¢6 otecti E'. Hai gidn d6 ghép vao
nhau theo tung do chung C, img véi hop chit CuCl. FeCl,.

teuct | 424°
t°c
T 3207 .
4 a] C . ) a .
304 _ 298 { Yoy
S| 2%
Li
3 E
=3
L
0 50 00

— % mol FeCl,

Hink XIV — 7. Gisn 46 pha he CuCl — FeCl, o6 sy hinh thanh mot hop chét CuCl . FeCl,

N6i diing thi trong da s6 trudng hop, hop chat hod hoc khi néng chay
cé phdn li mét it, thi du trudng hop cia hé CuCl-FeCl;. Trong trudng
hop ndy, nhiing dudmg CE va CE' chuyén tron chu tir dudng ndy sang

dudng kia : ching 14 2 nhdnh ciia cing mot dudmng cong va cyc dai C
khéng nhon. '

Né&u hop chét hod hoc rdf bén, khi néng chiy hoan toan khong phan
1i thi & hai bén ranh gidi ting véi hop chét d6, diéu kién két tinh clia hgp
chat £t khic nhau. Diu ndy duoe quan sit chang han trong sy két tinh
chia hop chit K;Sb (hinh XIV-8). Gidn d6 nay chi ring d¢ d6c cha
nhimg dudng cong Cix va CE tai diém C khong giéng nhau va C 1a mét
dinh nhon, tic 13 C 1a mot diém ki di ciia dudng cong bét ddu ket tinh.
Trudmg hop nay hiém. Hé K-Sb con c¢6 mot hgp chét rén thit hai, KSb
g v&i cyc dai C* binh thudng, tron chu, khong cé dinh nhen, nghia la
kém bén hon K,Sb.
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Hink XIV - 8. Gién 46 pha he K — Sb ¢4 sy hinh thanh 2 hop chit hod hoc.

Heé hai cfu tir c6 thé hinh thanh rat nhiéu hop chat hod hoc khic
nhau. Khi dé gian d6 pha 13 mot tap hop nhiéu gian d6 riéng ré c6 otecti
don gian ghép néi viio nhau theo nhitng tung do chung (g vdi cdc diém
cuc dai (hgp chat hoa hoc). ‘

b) Hop chdt néng chdy khong hoan nguyén (bi phdn huy)

Trong nhidu trudng hop, tinh thé cha hop chét hod hoc khi dat t6i mot
nhiét do x4c dinh thi bit ddu néng chiy va tich ra thanh pha tinh thé va
pha 16ng c6 thanh phin khdc nhau. Sy néng chay nay goi 1a ndng chdy
khéng hodn nguyén (fusion iricongruente) nghia la sy nong chay trong
dé thanh phén ciia pha rén ban ddu va thanh phin ciia pha long thu dugc
khong tring nhau.

Gian d6 pha ciia mot trong nhimg he 2 c4u tir c6 hop chat nong chay
khong hoan nguyén tng v6i hinh XIV-9. Goi K 1a hgp chat.

Nhiing dudmg léng t,, wic 12 dudng bit ddu két tinh cha cdu tr B
khong gip nhanh di xuéng CE' ma gap nhénh di lén EC tic ]a dudng bat
ddu két tinh cla hop chét K 1ai diém P goi 12 diém peritecti. Nhanh EC
chi t6n tai tir E d&n P con PC (chdm ch&m) 1a 4o va cyc dai C img vdi
thanh phin x, ciia hgp chat K ciing 1a mot diém do. Nhu vay gidn do pha
chi ¢6 1 di€m otecti E, khong c6 diém otecti E'. Toan b6 dudng 1ong
(liquidus) 12 t,EPtg, ving & trén dudmg nay 1a viing t6n tai cia pha ibng
L (dich néng chay), con dudng rén (solidus) 1a GEHKR.
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Hop chét rin néng chay khong hoan nguyén X chi tdn tai ben & nhigt
do thdp hon nhiét do peritecti L Khi 1am ting nhiét d6 lén t61 Lo no
phan hity thanh 2 pha: pha tinh thé B, diém biéu dién la R va pha long P
(dich néng chﬁy)' ¢6 thanh phén peritecti x,.

£C e
T L ' ! a I 'g T

p [T AT T
[ 1 R
ta i b
i
t 4 e
El6 € b4 M
N i |
0
% Xk 1 — thaigian
— Xy
a)’ b)
Hinh XIV 9. a) Gidn d6 pha hé 2 cfu tir c6 hop chit néng chay khong hoan nguyén ;
b) duimyg ngudi.

1) Ta xét qud trinh két tinh cfia dich néng chay cé thanh phén ing v8i I uén dudng
thing dimg di qua khoang giita diém P va K. Khi nhiét 83 ha thip tng vdi diém a trén
duimg 16ng tgP (hinh XIV-92), tinh thé B bét dfu xust hi¢n. Trong khodng nhiét do giita
nhiimg diém a vi b, heé la hé 2 cfu tir 2 pha 1 bin. 05 diéu kien (Vi p = const), fg =3 -2=1.
Khi méi bit ddu tGi didm b, ing v6i nhiét 89 peritecti L, ta c6 mdt pha rin R (tink thé B)
vi mot pha 16ug P, goi 1 hén hop peritecti ling c6 thanh phin peritecti x,. Luong tuong
d6i 2 pha nay xac dinh theo quy téc don bdy:

lugng pha long P _ bR
lugng tinh (h€ B (pha R}  bP

tlic 12 Tugng pha 1ong P rd 1é nhiéu hon lugng tinh thé B.

Ciing tir 1dc 45, hop chit hod hoc K ¢6 thanh phdn x, Gng v6i diém K bét ddu keét
tinh va tich ra khi pha 16ng P. He tré thanh he 2 cfu tif 3 pha : | pha léng P, 1 pha rin
R (tinh thé B) va | pha tinh thé K (hop chit hod hoc), do dé hé 1a bil bign cé didu kién,
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fu =3 — 3 = 0, nghia Ia nhict 40 penitecti ¢, thinh phdn peritec‘li Xp cha pha long P v
thanh phdn x, ciia hgp chit (diém k) phai khong déi. :

Vi thanh phdn x, ciila hop chit chira nhiéu cau tir B hon thanh phin x,, clia pha long P
nén khi hop chit két tigh tir pha 16ng P va tich ra khoi pha léng P thi thinh phéin pha
16ng P ndy thay d8i theo hudng gidm ddn ciu 1 B.

Dé cho thanh phdn x, cha pha 16ng P khong thay ddi trong khi nhilmg tinh thé cia
hop chit K khang ngimg tich ra khoi pha long P thi nhimg tinh thé cda B dugc hinh
thanh tir trudic, bay gics lai phai-hod tan vio pha léng P d€ bio dim cho lugng tuong d6i
ciia B trong pha long P duoc gitt khong déi. .

Chi ¥ ring tai diém peritecti P cling nhu-tai diém otecti E o6 can bing déng théi -
giita pha lng v6i hai pha rin. Nhung qua trink ket tinh trong hai (rutmg hop khidc nhau
can ban. O nhiét do otecti, hai pha rin ket tinh déng thdi, con & nhiét do peritecti, mt
pha rén ket tinh, con mot pha rin lai hod tan. Trén dudng ngudi (hinh XIV - 9b, dudmg I)
tmg v4i nhiét do peritecti t, (diém b) c6 mot doan thing ngang, chimg tb t, khong doi.

Vi lugng tink thé B it hon lugng pha 1dng P nén toan b wong tinh th€ B duge hinh
thanh tir trudc s& hod tan hét trong pha long P. Khi d6 hé l4i trd thanh hé 2 pha g6m pha
19ng vi pha tinh thé ciia hop chat K. Nhiét ¢ cia he lai tiép tuc ha thip va nhitng tinh thé
ciia hop chit K i€ tyc tich ra khoi pha long, thanh phan nay bay gitr bién thién lién tuc theo
nhiét 4, mBi nhiét d6 img véi mot thanh phdn xac dinh cda pha 16ng {dudng cong PE). _
~ Khi nhigt 40 ha thap 1 nhiét do dtecti tg, hé (bidu dién boi diém d) gém o6 pha long
1 atecti 15ng E, pha tinh thé K cila hop chat (diém H), ngodi ra pha tinh th& A (diém G)
ciing bt ddu xudt hien. Nhir vay hé lai cé 3 pha va tr&s thinh bat bién c6 diéu kién, ahiét
6 1ai khong d8i, di€u ndy tmg vSi doan thing ngang tai d trén dudng ngudi I, cho dén
khi toan bo pha ldng ket tinh xong, nhiét do mdi lai 1i¢p tuc ha thép.

2) Khi diém biéu dién I ciia pha 16ag ban ddu & tren mot dudng thing dimg di qua
khoang gifta diém K va R thi khi 16i a' trén dudng 1ong tgP, tinh thé 44u tien cia B xudi
hien. Téi b’ trén nhdnh dudng rin KR, nhimg tinh thé cha hop chéi rdn H ciing bl ddu
hién ta, diém biéu dién 12 K. He lai ¢6 3 pha va trd thanh b4t bién cb diéu kién: nhimg
tinh thé B hinh thanh ldc truéc tai hod tan vio pha long P d€ bio dam thanh phén x;, cba
pha ldng dirgc giif khong ddi trong khi nhitng tinh thé cha hop chdl K khong ngimg tich
ra khoi pha iéng P. '

Nhung & day vi b’ ndm giffa K va R nén theo quy tic ddn by:

luong pha long P _ bR
lugng tinh thé B {pha rin R) Db'P

titc 14 lugng pha 16ng P 16 rét it hon lugng tinh thé B. Do dé, khong phai 13 tinh thé B hod
tan hét viio pha 18ng P nhu trong trudng hop 1, ma 12 pha léng P 58 bi&n hét teude pha
tinh thé B. Két qud ta duoe mot he rén ki hén hop nhiing tinh thé B va tinh thé cita hop chit K.
Ghichii:
1) Diém peritecti 1 diém thip nhat ciia dimg bit ddu k&t tinh mot pha (dudng pF)
v 12 diém cao nhat ciia dudmg k&t tinh mot pha khic (dubmg EP) con di€m otecti 12 diém
thap nhdt cia ¢ hai dubmg ket tinh (dudmg ket tinh t,E cla A va dutmg EP ciia hep chit K).
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2) Thi du vé h¢ ¢6 diém peritecti 12 he CaSiO;-BaSiO;, nhilig cfu ti nay hinh thanh

hop chat Ca,BaSi, 0, chi bén & nhigt do thép kion 1320°C.

II - TRUOUNG HGP DUNG DICH NUGC

Vé dai thé, gidn d6 pha ciia he 2 cou 1 nudc va chat tan ciing c6
nhimg dang tuong wr nhu trén, tirc I1a ciing c6 nhimg diém otecti hay
diém cyc dai, hay diém peritecti nhung v6i mot s6 dic diém riéng.

1. Nwéc va chat tan khong hinh thanh hgp chit x4c djnh (khéng
hinh thanh tinh thé ngam nudc hay hidrat), cé otecti don gian,

Trén hinh XIV-10, dutmg long hay dudng bét ddu ket tinh 1,E goi Ia
duong do tan clia A va dudng tgE goi 13 duong d6 tan cha B.

‘O nhiet do thuwmg 0
(khodng 25°C), nudc (c4u tir A)
& thé 16ng cdn da s6 chét tan,
dac bi¢t 12 cic mubi nguyén
chdt (cdu 1t B) & thé rin. Khi
46 nhénh @ty bidu difn su phu

thuéc d¢ tan cfia ciu tr B
trong nudc vio nhiét 4o, tir
nhiét do thuomg 0 cho dén
nhiét d6 néng chay tg ciha B (H,0) (Cha%tan)
nguyén chit. — X
O nhiét d6 cao hon t, thi A
(nu’(jc) v\a B (chﬁ'[ tan nguyen Hink XIV-[0. Gian a6 pha hé nudc —~ chit tan
ch4t & trang thai 1dng) hoa tan €6 otecti dom gidn.
vao nhau theo b4t ki ti 1& nao. ‘
Thdp hon nhi¢t do thuémg 6, dudmg cong do tan chia chét tan B trong
nudc bidu thi bdi nhinh @E, vay Etg 1a dudng cong ddy dis vé do tan
“chia cdu tif B trong nude. Con dudng liquidus t5E biéu dién can bing

gilta nhimg tinh thé A (nu6c) véi dung dich bio hod A goi 1a duong
han nghiém. -
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Trong nhimg hé hop b&i nuée va chit tan, diém otecti E dugc goi mot
céch khdc 1a diém cryohidrat, va otecti rén, sdn phim cha sy doéng dic
(két tinh) ¢6 thanh phin d6 goi la cryohidrar.

Cdn phin biét cryohidrat v6i tinh thé ngdm nudc (cristallohidrat).
Trong cryohidrat, ta c8, & dang san phdm rin, mot hén hop 2 pha rén
gém nhiing tinh thé nuéc d4 va nhitng tinh thé ciu tir B, cdn tink thé
ngdm nude 1a mot hop chét hod hoc x4c dinh & thé rén (1 pha rdn), mbi
tinh thé€ ngdm nu6e chifa d6ng thoi cd nude va ciu tir B lién két hod hoc
vGi nhau.

Vi nude thudmg dé bay hoi hon chit tan nén trong da s6 trudng hop, &

= 1,013 bar, khi 161 mot nhiét do nao d6 thip hon nhiét d6 néng chiy

tB clia B nguyén chét, dung dich nudc bio hoa B di s6i va nudc (cdu tr A)

bay hoi hét truéc khi B dat 16i trang thii 10ng nguyén chit. Do dé gidn

d6 pha cOa he 2 cfu tir nudc va chdt tan it khi duoc ddy du tron ven,
dudng cong d6 tan ciia B

thudng khong dat 16 diém tz, 1°C

ma bi dimg lai & diém G, img i G
v6i nhigt do tai 46 mude da bay - 180 3 39
hoi hét. o
Gidn d6 pha cha mot trong  * V4 -
nhiing hé nhur vay, he H,0 - KCl ! /

ing vdi hinh XIV-I1. Tai O 2 21,9%
1,013 bar & 0°C, do tan ciha E

KCl wrong nudc 1a 21,9% khéi .41 1

luong (diém a), & 180°C, dung 198%

dich bio hoa K(l chita 43,3% L ! - ;

KCl s6i vi nudc bay hoi het ¢ 20 40 6 & 100

(diém G), do d6 dudng cong  H,0 —— % ki lueng KCI KCl

d9 tan EaG cda KCl dimg lai & '

diém G. Hink XIV—-11. Giin 46 pha he¢ H,0 — KQ
2. Hén hop sinh han ¢ cryohidrat

Khi trdn nuée 44 (hay tuyét) véi
tinh thé KC1, nuée 44 tan ra, mudi KCI hod tan VAo nitbe vA néu 6 di lugng nuéc dd va
mudi cdn thi€t sZ hinh thanh mo1 h¢ 3 pha gém nudc dé, tinh thé KCl va dung dich nuée
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bio hoat KCL. He 2 cau 1t 3 pha nay Ia khéng bign (bt bien) cé didy kién (vi & p = const),
nghia {a t6n 1ai c4n bang déng thdi véi nhau & nhigt d$ cryochidrat hiodn toan xdc dinh,
- 11,1°C va dng véi thank phdn dung dich 19,8% KCI (thanh phdn crychidrat) ciing
10an toan xic dinh. Do dé chimg nao trong h¢ van ¢6 3 pha c4n bing déng thi thi nhigt
do dugc gilr vimg - 11,1 "_C. D6 1a nguyen tic cia viee diing nhimg dung dich nuéc cia
nhilng mudi o6 thanh phin cryohidrat d€ diéu che nhimg hén hop sinh han (lam lanh).

H¢ H,0 - NaCl dwgc ding phé bi€n lam hén hop sinh han (nhiet do
crychidrat, -21,2°C, thanh phén cryohidrat, 22,4% kh6i lwgng NaCl), He DAY ngodj
didm otecti (cryohidrat) con cé ca diém peritecti, tic 13 ¢6 sy hinh thanh mot tinh thé
ngdm nudc NaCl. 2H,0. néng chay khong hodn nguyen (bi phan hity} & +0,25°C.

§6. HE HAI CAU TU CO HAI PHA LONG. SY HOA TAN
CO HAN CUA HAI CHAT LONG VAO NHAU

1. Trudng hep 1: khdng ¢6 diém hoa tan téi han (hinh XIV-12)
Tai mét nhiét do
xdc dinh ta xuat phét tir c » .
A nguyén chat diém i
bidu dién 1a A, va them
ddn B s dugc mot dung =~ Ao |- — B,
dich cla A ngay cang
giau B. Diém biéu dién
cta hé chuyén dich ddn

a ' b

trén dudng thdng ngang é , b

. . 0 X oy X, 100
di'qua Ay va t = const. A ' B
Téi diém a, dung dich — % khdiivong B

trd thanh bdo hoa chit B

CO\ ! ph_ﬁn Xa. va bat Hinkh XIV-12. Sy hod tan ¢6 han cha 2 chat tong
ddu xudt hién giot ddu A va B khong c6 diém hod tan 16i han
tién clia 16p 1ong thit hai

c6 thanh phén xy, hoan toan xdc dinh va bi€u dién bdi diém b,
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Néu ti€p tyc thém B thi di€m biéu dién M ciia he téng quit chuyén
dich wrén dudng théng ngang ab nhung thanh phan x, va Xp cla 2 16p
1éng can bing khong d6i. Sy thém B khong lam thay ddl thanh phén 2
pha léng can béang, chi lam thay déi luong tlIOl'lg d6i cha chdng. Thuc
vy, theo quy tac don by, luong twong ddi chia 16p cii (diém a) va 16p
moi (diém b) ti I¢ nghich véi nhimg khoing cich Ma va Mb, nghia 12
néu thém ddn B thi lugng 16p ¢t giam ddn trong khi Iugng 16p mdi tang
dén. Khi thém dii B d€ diém M t6i b thi 16p ci thuc (€ mét han, chi con
lai 16p mdi va tir liic d6, hé lai tr& thanh 1 pha, su ti€p tuc thém B khOng
gay ra 16p méi nao khéc.

Nguoc lai, néu xudt phat tir B aguyén chat (diém B,)ta them din A &
U= const, s& dugc mot dung dich clia B ngay cing giau A. Diém biéu
dién ctia h¢ tdng quat chuyén dich dén trén dudng théng'ngaﬁg Bob."Téii b,
dung dich trd thinh bdo hoa A, fmg v4i thanh phén x,, va he bét ddu cho
tich ra Iép 1dng méi cé thanh phén x, hoan toan xic dinh, lucng 1ép mdi
ngay cang tang, khi 16i diém a thi lo‘p cfi thyc t&€ mét hén v.v..

Tém lai & ¢ = const, hé 2 chat 1dng 1a déng thé (1 pha long) tix AO dén

avatirb dén By ; hé 1a dj thé (tdch ra lam 2 pha 16ng) tir a d&€n b. Hai
diém a va b goi 1a diém lién hap va duo'ng thing ab goi 13 ducmg lién hop
hay dudng dong nat.

Khi nhiét d¢ t thay déi, diém a s& v& nhdnh dudmg cong a’ a a" (bifu
thi do tan clia B trong A) con diém b s& vé nhénh b'bb” (bi€u thi do tan
' cla A trong B). Nhig nhinh dudng cong d6 goi la duong cong chia
{op. Ving bén trong nhimg nhénh d6 13 vimg dj thé 2 16p ; & ngoai 1a
ving déng thé (1 16p).

2. Trudng hop 2 : ¢6 diém hoa tan 16i han trén (hinh XIV-13)

Trong nhiéu trudng hgp, khi t ting, d6 tan 1in nhau ciia 2 chét léng
tang theo, hai nhénh dudng cong chia 16p lai gén nhau ¢6 thé gap nhau
tai diém K goi 12 diém hoa tan 16i han trén. Tai diém nay, thanh phan 2
16p tré thanh béng nhau. Nhi¢t do tx tng véi diém K goi 1a nhiét dé hod
tan 161 han trén. Cao hon nhiét do nay, viing chia I6p mat hén di, hai
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chit léng hoa tan hoan toan vao

L K
nhau theo bt ky ti 1é ndo (hinh % ==
XIV - 13). Nhu vay, dudng cong -1 60 .
chia 16p a' K b’ chia gian d6 ra [ 8 b
lAm 2.ving : ving bén trong 5
dudmg cong 1a ving chia l6p 40 L
(2 pha), vimg ngoai dudmg cong
14 viing d6ng thé (1 pha). 30 |- .

The du, d6i v6i he nuse — ol e D
phenol, thanh phén 2 l6p 14 8% 0 20 40 80 80
vi 70% khéi huong & 15°C, diém s % khoi luong CH.OH
hod tan 16i han trént ing vdi 66°C Hink XIV-13. He oute - phenol c6
va c6 thanh phin 34% phenol. diém hod tan 161 han trén

3. Trudng hop 3 : c6 diém hoa tan téi han dusi (hinh XIV - 14)
Nhiing nhénh duong
cong chia 16p gap nhau

& phia nhigt do thap. - 100y, I |
Khi d6, oy tidu K cia 80 [} { 1
dudng cong chia 16p goi o 80"} 1 7
2 diém hoa tan 16 han 4 40 N ! —
dusi. Nhiing trutng hop T 2 L K

ndy hiém hon trudmg 0 20 40 8 a0 100

hop tren. Thi dy, he = % knGi higng (C,Hg)aN
nuéc — trietylamin cé

o _
tx=18,5°C. Hinh XIV~14. He auéc - trietylamin c6 diém hoa tan

' tdi han dudi
4. Trudng hop 4 :
¢6 diém hoa tan tdi han trén va dudi khép kin (hinh XIV-15)
Hai nhanh dudng cong chia 16p c6 thé hinh thanh mot dudmg cong
kheép kin c6 djérn hoa tan téi han weén (K) va dusi (K).
Thi*dy h¢ nude - nicotin (C,oH,N;) 6 K va K’ ciing tng véi 32% -
khéi lugng nicotin, nhung ti = 210°C va t" = 61°C.
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5. Quy tic dudng kinh thing _
Nim 1886, nhd bic hoc Nga = '© K
Y.F. Alecxéep di tim ra mot quy :
tic gdn ding, goi 13 quy tdc duimg 180
kinh thdng, theo quy thc ndy, trung :
binh cong cia thanh phdn 2 pha. 140
Iong cdn bdng & céc nhiét d6 khéc
nhau dugc phin b6 trén mét duomg 100
gén thing goi la duomg kinkh thdng
di qua diém hoa tan t6i han. 80

Thi dy, trén hinh XIV — 13, K
trung diém ciia nhimg doan thing 0 20 40 80 80 100
dbng ndt ab, a'b’, a"b",... hop thanh  (H;0) (nicotin)
mot dudng gin thing di qua di€m = —~ %6 Iurgng nicotin
hoa tan t6i han K.

- Quy tic Alecxeep chi 4p dung
khi thanh phdn biéu thi bing % _
kh6i lugng, khong dp dung cho trudng hop thanh phdn bidu thi bang
% mol. o

Hinh XV — I5. He nudc nichtin cé
viing chia 16p khép kin

D - GIAN B PHA HE BA CAU TU'

§7. NHUNG CACH BIEU TH] THANH PHAN
HE BA CAU TU

Thanh phan he 3 cfu tir A,B,C thudmg duge biéu dién bing mot tam
gidc déu canh ABC (hinh XIV - 16). Tir c4c dinh, ha nhimg dumg cao
Af, Bg, Ck r6i chia méi dudng cao 1am 10 doan bing nhau (méi doan
nay lai chia 1am 10 doan.bing nhau, nhé hon), qua méi vach dé ké
nhitg dudng thing song song véi canh ciia tam gide ABC s& duec mot
mang ludi tam gidc. :
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Ding mang luéi nay cé thé biéu dién mot cdch don gidn thanh phan
“ciia hé 3 cdu tir. Ba dinh tam gidc (ng v6i 3 cédu tir A,B,C nguyén chat.
MB0i canh dng v6i mot hé 2 cdu tr ghi & 2 dinh ma canh dé ndi lién
(hoin toan khong c¢6 céu tir thit ba). Mbi diém bén trong tam gidc img
vdi mot thanh phén xdc dinh cha hé 3 cfu tlr. Nguge lai méi thanh phan
xdc dinh cia he 3 cfu tlr (tng v6i mot di€ém bén trong tam gidc. Thanh
phin nay c6 thé biéu thi theo 2 phuong phép khic nhau.

) 26 z 40 k 60¢ ¢ 100

— %B

Hinh XIV-16. Tam gidc Gipad — Rozgbom dé biéu dié.n thanh phén he 3 cdu

1. Phutong phdp Gipxo dua trén thudc tinh cia tarﬁ gidc déu la t6ng 3
khodng cdch tir mgt diém P bat ki trong tam gidc dén 3 canh bdng duong
cao cua tam gidgc. C6 thé thiét 14p dé dang thuoc tink d6 nhu sau (hinh
XIV - 17). : ' '

" Goi o 12 do dai clia canh tam gidc déu ABC va h 13 do dai cla dub’ng
+ cao Ck. Dién tich S ctia tam gidc ABC Ia

S=—ah
2
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 Tir mot diém P bdt ki bén
trong tam gidc, ha 3 doan thing
dimg Pa, Pb, Pc xubng 3 canh -
tam gidc. ' _
Téng dién tich 3 tam gidc con
PBC. PCA, PAB biing dién tich
tam gidc ABC va bang :

oh

b | -

S= % aPa+Pb+FPc)=

tir d6 : Hink XIV — 17. Mot thudc tinh cba tam gidc
Pa+Pb+Pc=h déu canh

Néu quy u6c 4o dai dudmg cao cla tam gidc ¥mg véi 1 hoac 100, thi
du bang 100, thi do chia cha mi ciu tir trong hé 3 cdu tir bing do dai
ciia khoang céch téi canh d6i dién vai dinh clia cdu tir. Thi dy, trén hinh
(XIV-16) diém P iing vi thanh phdn 20% céu tif A (doan Pa), 50% ciu
tir B (doan Pb) va 30% c&u tir C (doan Pc). Khi dung theo phuong phip
Gipxo thi tam gidc biéu dién thanh phdn he 3 cfu tir thudng goi la tam
gidc Gipxo. -

2. Tam gidc Rézobém ding theo phuong phdp Rozobom, phuong
phdp nay sir dung thuoc tinh cla tam gidc déu 1 tong 3 dogn thdng vé 1t
mét diém P bt ki trong tam gidc song song vdi canh doi dién voi dinh
cdu te bdng d¢ dai cia canh tam gidc. Néu quy uéc do dai clia canh tam
gidc tng vai 1 hodc 100 thi diém P trén hinh XIV-16 tng véi thanh
phén 20% cdu 1 A (doan Pa"), 50% cdu tir B {doan PY), 30% céu tir C
(doan Pc’). .

Chii ¢ ring Pa'=c'B,Pb'= Ak, Pc'= kc',dodé:

Pa' + Pb' + Pc’ = ¢'B + Ak + ke’ = AB =100

Tiy theo trutmg hop ¢6 thé quy uée AB = 100% khdi lugng hodc
100% mol.

C6 hai dinh If danh rieng cho nhitng gian d6 tam gidc vé thanh phin.

Pinh If 1. Mot dudng théng bat ki di qua mot dinh tam gidc c6 thudc
tinh 12 moi. diém chané déu ing v6i mot ti 1¢ khong déi vé& 80 chira cha
2 céu ur kia.
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Thi du, dudmg thing Cz (hinh XIV - 16) ting vi nhitng he trong do
d chifa % cita 2 cdu tir A va B ti Ié v6i nhau theo 7-3. .
Dinh i 2. Mot dudng thing bat ki song song véi mot canh tam gide
¢6 thude tinh 12 moi diém cta né déu ing véi mot do chita khéng déi
cia cfu tir biéu dién béi dinh d6i dien véi canh d6. Thi du, dudng thing
xy (hinh XIV - 16) ing v6i nhiing hé trong d6 do chia cita cu tir € I 75%.
Quy tic don bdy ciing 4p dung cho gian dé he 3 c&u tir gidng nhu né
da dp dung cho h¢ 2 c4u tir. Thi du néu diém $ (hinh XIV-16) iing véi
thanh phdn t6ng quét clia hé va hé tich ra thanh hai pha bidu dién boi
nhiing diém R va T thi ;
lwong pha R _ ST
luong pha T SR

Ghi chii. Trong mot s6 trudng hop, thanh phin he 3 cfu tir duge biéu
di€n trong nhimg t0a dg vudng géc, didu nay Iam cho viéc tinh lugng
ctia mdi pha riéng ré duge don gian rat nhidu. Cich nay thudng dimg dé
biéu dién thanh phin clia he 2 mudi khi ¢é 1 ion chung.

§8. HE BA CAU TU HiINH THANH HON HOP
OTECTI BAC BA

Thanh phin h¢ 3 c&u tir duge biéu dién bing tam gidc déu canh.
Nhiét d6 dvoc ghi trén nhimg tryc thing géc voi mat phéng tam gisc hop
thanh mot mo6 hinh khong gian dudi dang mét lang try tam gidc. Mai
mat lang tru 12 mét gidn d6 pha clia mot hé 2 ciu ir tuong tng, con
nhimg di€m bén trong thé tich lang tru thi biéu dién nhitg hé 3 c4u tir,

Ta xét trudng hop don gian nhdt khi 3 cdu tir A, B, C khong hinh
thanh hop chét hod hoc, khong hinh thanh dung dich rin va ciing khong
¢6 sy chia 16p trong pha long. Hinh XIV—18 bifu dién dang cla mét
gian 8 kheng gian nhy vay déi v6i he Bi-Sn—Pb (dé don gian, ta gia
thiét trong hé nay khong c6 su hinh thanh dung dich ran; thuc ra he
Sn — Pb ¢6 hinh thanh dung dich rén, song ta bd qua).
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Hinh XtV -I8. Gian 65 pha khong gian hé Bi — Sn — Pb 6 otecti bic ba

Mt bén tréi clia lang tru biéu dién gian d6 ciia he bac hai Bi-Sn ¢c6
otecti E|, mit bén phai biéu dién gian dé clia hé Sn-Pb cé dtecti E, va
mit sau biéu dién gidn d6 ciia hé Bi-Pb, c6 otecti E;. Céc otecti B, B, E,
déu 1a orecti bdc hai, nghia 1a cia hé 2 cfu tir. _

Trong hé ba c4u tir Bi-Sn—Pb cé mot otecti bdc ba E;; v&i thanh phdn
hop kim dé& néng chay nhat cia hé béc ba di cho, hop kim dé cé nhiét
. do néng chay 96°C va chita 52,5%Bi, 32%Pb v 15,5%Sn. Nhing bé

mit ty; B Ey By, 1, EyE4E; va tpyEsE4E; 12 nhitng bé mit liquidus va
cho biét cdu tir ndo chia hgp kim va & nhiét do nio thi bit ddu két tinh tr
~hdn hop 16ng c6 thanh phan di cho. Bé mat tg; E; E4 Eg 1A viing (mién
‘hay trucmg) ket tinh ciia Bi, bé mit tg, E;E,E, 13 ving két tinh ciia Sn va
bé mit tp, E3E4E, 14 ving két tinh ciia Pb. Phin khong gian & dudi

nhitng b€ mit d6 13 ving t6n tai nhitng hé 2 pha gém dich néng chay
(pha 16ng) va pha tinh thé cha kim loai tuong dng.



Néu cit gian dé
khong gian bang nhitng
mat phang ngang tai
nhimg nhiét d6 khdc
nhau va chiéu nhimg
dudng cit cha nhimg
mét phing d6 véi nhimg
bé mat liquidus lén mjt
‘ddy ctia hinh lang tru s&
thu dugc nhitng dudng
ding nhiét cha hinh
chi®u cho phép suy
doin vé tric d6 cla
nhimg bé mit liquidus
va nghién ciu qua trinh
két tinh cha dich néng
chay (hinh XIV-19).

Hinh XIV-19. Gidn 44 pha tam gisc he Bi-Sn—Pb
c6 otecti bac ba

Nhimg diém e, e, e;, dic tnmg cho thanh phén cha nhilmg otecti
béc hai tuong img. Diém e, ing vdi thanh phédn ciia otecti b4c ba.

§9. SU HOA TAN CO HAN CUA BA CHAT LONG

1. Truéng hgp chi ¢ 1 cip chét léng hoa tan ¢6 han vio nhau

Xét hé 3 cdu tir Iong A, B, C. Gia thir A va C hoa tan khéng han ché
vao nhau, ci B va C cling vay, cdn A va B thi hoa tan ¢6 han vao nhau.
t.p const, néu trdn A vi B vao nhau thi s& hinh thanh 2 16p 16ng tai
nhiing thanh phén x4c dinh b&i nhiing diém 2 va b trén canh AB cia gidn
d6 tam gisc (hinh X1V-20). _

Thém vao hé 2 cu tir dé cdu tir thit ba C, cau tir ndy hoa tan riéng ré
dugc vao 2 1dp long, két qua 1a c¢6 sur hinh thanh 2 dung dich 16ng 3 ciu
tir ty can bing véi nhau goi la nhitg dung dich lién hgp cla nhau. Bing
cich thém nhimg luong khéc nhau cta ciu tir C, ¢6 thé thu duge mot diy
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nhifng dung djch lién hop bac ba (dung dich b4c ba la dung dich 3 ciu
tir). N6i lién nhiing di€ém cba gian dé tam gidc Umg v6i thanh phdn cla
nhilng dung dich lién hop, ta dugc dudng cong chia Iép akb (hinh
XIV-20b). Dudng cong nay chia gian dé tam gidc thanh 2 viing déng
thé va dj thé. Moi hén hop clia 3 cu tr A,B,C, ma thanh phdn biéu dién
boi di€m m & bén trong viing dj thé déu tich ra thanh 2 dung dich bic ba
lien hop can bing v6i nhau, thinh phan biéu dién bé; nhitng diém a' va
b Khi thém c4u ti C thi d6 tan 14n nhau ctia hai cu tir A va B tang lén.
Két qua Ja thanh phdn 2 dung dich bac ba lién hop din ddn khéc nhau it
di, cudi ciing khi dat t6i diém K goi la diém hoa tan t6i han, thi thanh
phan hai dung dich tré thanh biing nhau.

Trong nhiéu trudmg hop,
thanh phin nhilng dung dich
lién hop img v6i di€ém m ben
trong dudng cong chia lap cé

o th€ xdc dinh gdn ding dya vao
T quy tac Taraxencop, theo quy
tic ndy, néu kéo dai nhiing
duong thdng déng mit (hay
% dudmg kien hop, tirc Ia nhing
K dudng thing n6i lién nhiing
diém nhu m va a', b') thi chiing
t $€ cdt nhau xdp xi tai mot
diém D (hinh XIV-20b). M6t
trong nhimg dudng déng ndt
< 1a doan ab cia mot canh tam
A gidc, do d6 giao diém D ciha
~ k moi dudng déng mit nim trén
dudng kéo dii cia mot canh
g tam gidc. Tir diém D néu vach
B €p tuyén véi duong cong
a) chia ldp aa’ b'b s& dugc diém
. 1o hod tan t6i han K. Quy tic
:g:tf‘;‘io' Gidn d6 pha he 3‘:!"” long c Taraxencop cho phép xic
Kbug st by ain oo : ) gid1 8 .+ thanh phin cic pha bing
khéng gian ; P) gidn d6 tam gidc & mot d(":i th
nhiét d¢ xdc dinh =
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Khi ting nhiét d6 thi do tan 14n nhau cha cic cdu tit thay d6éi va khi
dat tdi nhiét d¢ t6i han t, thi hé trd thanh déng thé & moi thanh phén, tic
12 3 c&u tir 16ng hoa tan hoan toan vio nhau (hinh XIV-20a).

Trong gidn dé khong gian heé 3 ciu tr long, ving déng thé va dj thé
dugc phan cich nhau bdi bé mat chia 16p. Pudng cong kk'K 12 quy tich
c4c diém t6i han & nhimg nhiét do khic nhau.

Ghi chii. Khi them cfu tif thit ba vio hé 2 chdl léng chi hoa tan ¢6 han vao nhau, néu
ciu tiy thit ba hod tan duge riéng & vio cd hai chédt long thi d6 tan Lin nhau cia 2 chit
long nay s& dugc ting ken. D6 1 tndmg hop cla gidn 46 XIV-20 di xét & trén. Néu ciu
tir thit ba chi hol tan ducge vao mot trong 2 chét 16ng thi 46 hod wn lin nhau ciia 2 chit
téng nay gidm di.

2. Trudng hop c6 2 hay 3 cip chét 16ng hoa tan cS han vao nhau

Trong hé long 3 cdu tir A,B,C, c6 thé c6 2 cap chat léng thi du ciap A
va C 1an ¢6 han vao nhau, cip B va C ciing v4y, con hai chat long Ava B
thi hoa tan khéng han ché€ vao nhau. Mot trong nhitng gidn dé pha hé
16ng 3 c&u tir nhu vay dng v6i hinh XIV-21a va cho thy ¢6 2 viing chia

16p v6i 2 diém t6i han ky va ky.
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Hinh XIV-21. Gidn 44 pha h¢ 3 chét léng ma 2 cap hoa tan ¢ hyn vio nhau

Hé nuéc — rugu etylic — nitril cha
axit sucxinic & nhiét do trong khoang ¢
20°C va 30°C dugc biéu dién bing mot
gidn dé tuong tu nhu hinh XIV-21a.

H& benzen — bromofoc — axit fomic
diroe biéu dién bing mot gidn d6 gidng
nhu hinh XIV-21b.

Hinh XIV-22 iing véi trudng hop 3
chét long AB,C ma ca 3 cip A-B, B-C  Hink XJV-22. Gidn d8 pha he 3 chit
vd C-A déu hod tan ¢ han vio nhan,  1ng hodtan (:1 han vao nhau tmg

I
Thi du he Fe-Zn, Pb hodc hé nudc — o
ete - nitril cla axit sucxinic v.v...
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CHUONG XV
HIEN TUONG BE MAT, HAP PHY

§1. DAl CUONG VE SUC CANG BE MAT VA
HAP PHU

Hién twong bé mit vi hap phu c6 ¥ nghia to 1dn vé mat Ii thuyét ciing nhur thye tién,
dic biet trong dang hoc cita nhiéu qué trinh hos hoc va trong xiic téc di thé.

Lévit I3 ngudi ddu 1ién (1785) ding than cli d€ 1am sach dung dich khéi chat ban.
N.D.Zzlinxki {2 ngudi ddo tién diing than hoat tinh dé hit cic chit doc hai,
1. Surc cing bé mit .

Lép bé mat chia mot chét ludn 1udn ¢6 nhimg thude tinh khéc it nhiéu
so vdi phin bén trong clia né. Thi du, & bé mat phan chia chét long -~
khong khi — nhitng phan tir chat 1ong & 16p bé mat chiu mot siic hiit tir
phia nhimg phén tir bén trong 16n hon la tir phia cdc phan tir khi vi cic
phéan tlr khi ndy & trang thdi loang, rdt xa nhau.

Stic hiit d6 phan 4nh su 6n tai 4p svdt noi cla chit long thudng rit
16n (c6 thé t6i hang nghin bar), ¢6 xu huéng kéo céc phan tir vao bén
trong chét 1dng theo huéng vuéng goéc véi bé mat, 1am gidm bé mat dén
mifc t&i thiéu rong nhimg diéu kién di cho.

Pé 1am tang bé mit chét long, phai tiéu t6n cong d€ thang cic luc
phén tr gdy nén dp sudt noi. DO lon clha cong nay, quy vé Tcm? bé mit goi
1a stic cdng bé mait, ki hieu 11 & vi bidu thi bing ec/om’. Vi ec = din.cm
nén o ciing c6 thé biéu thi bing din/em. Nhy vay stic cing bé mat c6 thé
biéu thi nhu 14 ke trén don vi dé dai hodc nhu ndng lugng trén don vi
dién tich. Stic cang bé mat c6 vai trd trong cdc hién tugng bé mat nhu ip
suit ¢6 vai trd trong cdc hién tuong thé tich. Thi du cong gidn nd thé tich
3A = pdV con cong ting dién tich bé mat mot luong ds bang SA" = ods.

Theo nguyén 1i I, dU = 8Q + SA ; d6i v6i qud trinh can bing 3Q = TdS,
* con A = — pdV + 8A". Di v6i 16p bé mat, khong c6 nhimg higu ing thé
tich, do dé pdV = 0, chi ¢6 nhimg hi¢u ing bé mat, do d6 :
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dU =TdS + ods (XV.1)

Béi vGi hé ¢ s6 mol thay déi, con phdi thém s& hang Zu.dn, vio dU
cla l6p bé mat :

dU = TdS + ads + Zp.dn, (XV.2).

Dudi anh hudng stic cang bé mit, khéi lugng chdt 16ng s& hudng t6i
c6 dang hinh cdu vi b€ mat hinh céu 12 bé mat bé nhit d6i v6i mot thé
tich da cho.

Luong chat 16ng cang bé, hiéu ting d6 cang rd. Nhiing giot chat long
du bé c6 hinh c4du ngay trong méi trudng khi, thi dy nhitng giot mua hay
suomg mit. Thity ngan ¢6 sifc cing bé mat dic biét cao (6 =472 cfsclcm2 i}
20°C déi v6i Hg, trong khi ¢ = 73 ec/em” ddi véi nuée va & = 29 ec/em’

_d&i v6i benzen 5 20°C) nén Hg rdt d& hinh thanh nhiing giot hinh cau.

2. Hap phy : _

a) Pinh nghia. S¢ hdp phu (duong) 12 su tap tu chdt wén b& mit phan
chia hai pha thé tich (rdn-léng, r4n—khi, 16ng—khi). Chit ma trén bé mit
clia né su hdp phu xay ra goi 1a chdt hay vdr hdp phu, con chat duge tap
tu & b€ mat phan chia goi 14 chdt bi hdp phu.

B& mit tinh d6i voi 1 gam vat hip phu goi 1a bé mdr riéng cta né.
Nhitng vat khong ¢6 16 x6p ¢6 bé mat riéng tir vai mzlg'dén vai trim
mzlg. Nhiing vat cé hé théng & x6p va mao mach phét trién nhu than
hoat tinh, silicagien, zéélit v.v... c6 thé c¢6 bé mit riéng téi wen
1000m™/g.

b) Luc hdp phu. Ngudi ta phan biet hdp phu vdt I hay hdp phy
Van de Van va hdap phu hod hoc hay hod hdp phu. -

Trong hdp phy vt I, cdc phan tir bi hip phu lién két véi nhimg tidu
phan (nguyén tlr, phan tit, ion) & bé mat vat hap phu bdi nhimg luc
Van de Van yéu c6 cling ban chét v6i nhing luc quy dinh sy sai léch clia
khi thyc so v6i khi Ii tudng va gay nén sy ngung tu cla khi thanh chét
l6ng. Su hdp phu vat i luén luon thuin nghich.
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Thudmg ciing c6 sy hinh thanh lién két hidro giita phan tir bi hdp phu
va nhiing ion hay nhém thich hop (nhu OH) trén bé mat v4t hap phy.
Ning lugng lién ket hidro thudng rat bé, th&p hon 41,8kJ/mol.

Trong hdp phu hod hoc, c¢6 nhiing luc hod tri manh (lién két ion, lién
két cong ho4 tri, lién két phdi tri), lién két nhiing phan tir bi h4p phu vai
nhilng ti€u phan clia v4t hdp phu thanh nhimg hop chdt bé miit. Ning
luong nhimg lién két nay c6 thé t6i hang tram kJ/mol.

<) Hdp phu va gidi hap phy. Trong hdp phy vt li, chat bi hép phu cé
xu hudng chi€m toan b bé mat cia vat hdp phu. Nhung né bi qu4 trinh
ngugc can trd, d6 1a sy gidi hdp phy (hay khir hdp phu). Giai hép phu la
qué trinh cdc phén tir bi hdp phu roi bd bé mat vat hip phu.

bdi véi hdp phu hod hoc, do céc hre hod tri manh quy dinh nén sy
giai hap phy xdy ra it khé. O day, sy gidi hip phu thuc chat 1a phii phd
v lién két manh giifa nhimg phan tir bi hdp phu v6i nhimg tiéu phan ciia-
10p bé mat, diéu nay thudmg 1am bién ddi vé mat hod hoc chat bi gidi hip
phu. Do d6 hap phu hod hoc thudng khong thuan nghich. Su hap phu oxi
trén than i mét thi du dién hinh cho hap phu hod hoc. Khi thuc hién su
gidi hdp phu bing cdch dun néng thi khong phai oxi roi khéi bé mat ma
14 c4c oxit cia cacbon.

d) Anh hudng cia nhiét do lén hdp phy. Hip phy vt i va hod hoc déu tda nhiét, yéu
& hdip phu vt If (vai ki/mol) manh & hdp phu hod hoc (c6 thé t6i hang tram kJ/mol, vao

¢@ hi¢u img whigt cla phin ung hoa hoc). Vi sy hdp phu 1da nhiét, nén, theo nguyén ki
chuyén dich can bing, lugng chdt bj hap phu phii gidm khi nhiet do ting.

Tuy nhién, & nhigt d¢ thap, hap phu hod hoc thudng dién ra cham va khi nhiét d¢
tang thi t6c 0 hdp phu ¢6 thé tang theo. Diéu nay c6 lién quan dén hang rde hoat hod
{41,8-125,4kJ/mol) dac tnmg cho ivong tic hod hec gilia cdc phan t& bi hiip phy va céc
tiu phan cia 16p b& mat (vé hang rio hoat héa, xem phan Pong hoa hoc).

Hap phu hod hoc ma t6c d6 phy thude vao hing rao hoat hod goi 12 hdp phu hogt
héa. Hap phu hod hoc c6 the'1a hilp phy hoat hod nhung khong phai bao gi cling Ia hip
phu hoat hod. -

Hinh XV-1 moé ta sy phu thuéc clia Iugng khi CO bi h&p phu trén bé mat kim loai
paladi vdo nhiét 40 T (tai dp sut p = 150mmHg khong d6i). O T thap, bit ddu xdy ra
trude tién sy hdp pha vae Li; khi T tang, né gidm (nhanh AB clia dudng cong).

Khi T tiép tyc ting, thi dwdng cong dat cure tidu tai B, tai d6 c6 sw chuyén tir hap phy
vitii sang hé&p phu hoat hoa va hip phu hoat hod ting theo nhiét 4o (nhinh BC). Téi cuc
dai C, hdp phy hoat hod dat 1 trang théi can bing, tir d6 gi4 i cha lugmg CO bi hip phy
hod hec giam thee nhéanh CD khi T ting.
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S ton tai nhilg cuc tiéu va cyc dai trén
dudmg bifu di€n chimg té ¢é nhilng qua trinh
hoat hod di tham gia vao qud trinh hip phu.

e) Nhing cdch nghién cim sw hdp phu
Khang tiy thudc vao viec hidp phu 1a vat Ii hay
hod hoc, ngudi ta nghién ctu : 1) s¢ hip phy
tran bé mat chat 1dng (hay dung dich) ; 2) su
hdp phu khf hay hoi trén bé mit vét rin ; 3) sy
hip phu chét tan tir dung dich 1&n bé mi vt
rin nhing vio dung dich.

Strc cing bé mat chi ¢6 vai trd quan trong
trong su héip phu lén bé mat chét 16ng hay dung
dich, D8i v6i vit rin, khong c6 phuong phip
chinh xdc, dii tin cay dé do sifc cang bé mat.

C6 thé nghién ciu sir phu thude clia luang a
s o 0 TSI . sop i
khong dBi. Duomg biéu dién a = (T) 6 p=const T O Bih H p‘l“cﬁ:lp‘“ 1vao
goi 12 dudmg ddng dp hdp phu v & ¢ = const p=
goi 1a dudmg ding néng (d8) hdp phy. Duimg
cong trén hinh XV—1 chinh !4 mét dang (phic tap) cfia duimg déng dp hap phu {phic tap
vi ¢6 thém qud trinh hoat héa).

Phé bign hon, ngudi ta dic tamg su hip phu bang sy phu thude eba lugng a chét bj
hdp phu vao ap suét can b?mg p hoiic néng d¢ cin bing ¢ cla chit d6 trong pha thé tich
khi ¢6 can ban 3 hép phu & T = const. Pudmg bidu dién a = f(p) hodc a = f{c) & T = const
goi 1a ditng ddng nhiét hdp phu.

Lugng CO bj
—= hdp phy

3. Pudng déng nhiét hap phu - Binh luit Henry. Phuong trinh
déng nhiét hap phu Phréinlich

Viéc nghién cdu nhiing a
dudng dang nhiét c6 tdm quan |
trong hang ddu va moi thuyét vé T B C
hap phu déu phai gidi quyét uu /
tién van dé nay.

Hinh XV-2 14 moét trong
nhimg dang dién hinh (dang o
Langmua) cla dudng dang nhiét ~— plhogcc)
hdp phu gém hai phin thang va
mot phin cong.

Hinh XV-2. Mot dang dién hinh (dang
Langmua) cia dudng ding nhiét hip phu
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Phdn thing nghiéng OA cho thdy & ving dp sudt (hodc néng do)
thdp, dg hdp phu 11 I¢ bic nhdt véi dp sudt (hode néng dg). D6 1a ving
dinh-lugt Henry.

Phén thdng BC gdn nhu nim ngang, song song véi truc hoanh iing véi
p (hay ¢) 16n : lic d6 bé mat vat hap phu d& hoan toan bio hoa bdi chat
bi hap phu, lugng chét nay (tic do hip phu) khong ting hon nita.

Phdn cong trung gian AB c6 dang hot giéng dudng parabol nén
Phréinlich (Freundlich) da dua ra phuong trinh kinh nghiém sau dé bidu
dién né ;

1/n.

a=2 = kp (XV.3)
m

x 1a lugng (s6 gam hay s6 mol) chdt khi bj hép phu ; m 1a kh6i lucmg
(gam) vat hip.phy ; p 12 4p sudt can bing ciia khi trong pha thé tich ctia
n6 (khi bi hap phu tir pha thé tich 1én mat vat hap phy) ; k va n 12 nhimg
héng 56 xac dinh bing thuc nghiém.

Néu coi khi Ia khi Ii tudng thi 4p sudt p ti & v6i néng do ¢ ciia khf va
phuong trinh ding nhiét ha’p phu Phroéinlich s€ viét 1a :

a= % = kel/n (XV.4)
m

Di nhién k va n trong (XV.4) s& nh4n nhiing gi trj bang s khic vai
nhitng gid tri trong (XV.3).

Phuong trinh Phréinlich (XV.4) cong thuomg duge ding dé tinh
lugng chét tan bi hap phy tir dung dich lén bé mat vt rén nhiing vio
dung dich.

Phuong trinh Phroinlich khong thé hién duge doan thing nghiéng OA
va doan nim ngang BC cla dudng biéu dién XV-2. Doan thing nghiéng
chi c6 thé thu duge néu n = 1, khi d6 = =kp (hodc ke) - dinh luat

m
Henry . Doan thing ngang iing véi viing bio hoa chi ¢6 thé thu duge néa
(1/m) =0, titc Ia khi n— oo,

Vi 1/n la hing s6 va nim trong gi6i han 0,2 — 1 d6i vé6i su hdp phu

trong moi trudng khi va 0,1- 0,5 ddi véi sy hdp phy trong dung dich nén
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phurong trinh Phroinlich chi thich hop cho ving ap suﬁt hay néng do
trung binh.

Phuong trinh Phroinlich c6 thé dua
vé dang tuyén tinh bing cich ldy,
16garit hai v& cia (XV.3) chang han :

X 1 ' lg—-
lg— =lgk+ - Igp (XV.5) m /
m H. ] A L) o

tic 1a Ig~ phu thuoc theo dudmg
m

thing vio lgp (hinh XV-3). Duimg o
thing nay cét truc tung tai diém A — lgp

sao cho :
Hinh XV-3. Dang tuyén tinh ciia

OA = igk - phuong trink hfp phu Phroinlich
Con do déc ctia dudng thing, nic 1a
tg o thi bing 1/n:
i
tga = —
n
Béng cdch d6 tim duge dé dang gid tri clia cdc hing s6 k va n. Dudmg
ding nhiét hap phu trén hinh XV-2 thudng goi 12 dudmg ding nhiét hap
phu Lingmua vi vé toan bo né dugc md ti t6t hon béi phuong trinh
Langmua ma ta xét & §6.

§2. DIEU KIEN CAN BANG NHIET DONG LGP BE
MAT VOI HAI PHA THE TiCH TIEP GIAP NHAU

1. LSp bé mit _

Hinh XV—4 trinh bay so d6 16p khong déng nhit (theo phdp tuyén
v6i bé mat phan chia) ¢6 dién tich s giifa hai pha thé tich I va II ti€p gidp
nhau. B day t cla ldp bé mat rat bé vi hi¢u nhiing luc phan tr & b€ mat
phan chia gay ra tinh khong dong nhét clia 16p b mit giam nhanh theo
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khoang céch t¢i bé mitr.

Tachonbédayt'vat' & N

hai bén bé mat phan chia Phal ___. e .
sao cho & ngoai gidi han /,_—f"’ ; o\
cia ching (AA' d6i v6i o~ e mat
pha I va BB' d6i véi pha I 5

II) thi nhitng pha I va II g e
12 hoan toan déng nhit, . T _
con tir AA' dén BB, -7 Phall

nhitng thudc tinh cia lép

bé mat bien thién lién tuc  Hiwk X 4. S0 d6 16p bé mat giita hai pha thé tich
tr nhimg thudc tinh cha Ivall

pha I nguyén chét (AA") '

dén nhitng thuéc tinh ciia pha II nguyen chat (BB).

2. Piéu kign can biing

Xét he dj thé co 13p g6m hai pha thé tich I va I va 16p bé mat giira
chiing. Tir di€u ki¢n can bing téng quit ciia he di thé suy ra 1a khi c6
cin bang, nhiét d¢ & khép moi phdn clia he, ké ca & 16p bé mat phai
nhw nhauw :

T=T"=T (XV.6)

T va T" 14 nhiét d6 cta pha thé tich 1 va Il con T 14 nhi¢t do cia Iép
bé mit,

The hod hoc clia méi c&u tif i cia hé ciing phai nhu nhau & khédp moi
phin cta he, uic 3

K== (XV.7)
Cdn diéu kién thit ba vé can bing co hoc, tic 1a dp suft ciing phai
bang nhau & khip moi phén ctia hé di thé thi chi ding khi hé dj thé
khong bao gém 16p bé mat.
Khi ¢6 bé mit phan chia thi 4p sust p’ va p" clia hai pha thé tich I va
IT & hai bén bé mat phan chia néi chung 13 khdc nhau. Ta s& chiing minh
diéu nay dya vio diéu kién can bing cia hé co lap. B6i véi qud trinh can
bing trong h¢ c6 1ap, entropi chung, thé tich' chung va tong s6 mol mbi
cu tir i cia h¢ phai khong déi, tic I :
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dV' +dV" =0 : (XV.8)
dS' +dS"+dS=0 (XV.9)

dn';+ dn} +dn,=0 | (XV.10)

Khi d6, di€u kién can bing cha hé c6 lap 1a noi ndng cnia hg phai
cue tiéu

dU +U" +U)=dU +dU" +dU=0 (XV.11)

Gia thir trong qud trinh can bing, bé mat phan chia s bién thién mot
luong ds va gy ra nhitng bién thién thé tich AV’ va dV”" & hai pha thé
tich I va I1. Khi d6, d6i véi cdc pha thé tich (khong c6 hi¢u ting bé mat) :

dU' = TdS ~ pdV' + Zy;dn (XV.12)
dU" =TdS" - p"dV" + Sp;dn] =TdS" +p"dV' + Ipidn}  (XV.13)

vi theo (XV.8) dV" = —dV". Con d6i voi 16p b€ mat (khong cé hiéu ng-'
thé tich), theo (XV.2) :

dU = TdS + ods + Zp,dn; (XV.14)

Cong cdc biéu thirc d6i vdi dU', dU” va dU, ta duge diéu kién déi voi
cuc tiéu ndi nang ciia hé co lap :
dU' +dU" + dU = T(dS' + dS" + dS) — (p' ~ p")dV' + ods
+ Zpy(dn’; + dn”; + dn) =0
Do (XV 9) va (XV.10), phuong trinh trén rit 1ai con

—(p'—p")dV' + ods =0
tir do :
= o— XV.15
p-p° qv’ ( )

Diéu kién can bing co hoc nay cho thdy 4p sust p' va p” & hai pha thé
tich i va II c4ch nhau boi bé mat phan chia s néi chung 1a khdc nhau.
Dai lugng ds/dV' do d6 cong clia bé mat phan chia quy dinh:
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1) Néu bé mat phan chia s I3 bé mdt cdu thi :

ds _ d(4m’) _ smdr 2
dv’ d[inr3J dmr’dr T
3 |

r Ja bén kinh mit cdu. Khj 46 (XV.15) tr& thanh :

p-p'=— (XV.16)
r

r tinh 1a duong néu do 16m cia bé mat hudng vé pha (') hoic néu tam cia
d6 I6m nim & pha (). :

2) Néu bé mdt phan chia s 1a mot mdt cong bat ki thi ¢6 thé chiing
minh ring :

Iy Va 1y la nhitg bdn kinh chinh thic cia bé mat phan chia. Khi d6
(XV.15) tr& thanh -

pP-p'= C{—l— + i} (XV.17)
n n

(XV.17) la phuong trink co bdn cia can bdng co hoc doi véi bé mdt

phan chia léng — khi. Khi Iy =1, =1 (bé mat cdu) thi (XV.17) tr& thanh
- (XV.16).

bai lugng c(-l— + —1~J hoic 29 (d6i v6i bé mal cdu) goi 1a dp sudr
R r

phy hay dp sudt Laplaxo (Laplace).

3} Néu bé mgr phan chia 1o mar phdng (r—c0) thi dp suat Laplaxg
bang khong va diéu ki¢n can bang co hoc (p' = p") triing véi didu kien
khi khong tinh dén hién tuong bé mat.
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§3. NHUNG HIEN TUONG LAM UGT VA MAO DAN

1. Hién tugng lam wét

Nho chit Iong Ién mat phiing ngang sach clia mot vat rén. Giot chéi 1ong s& 120 nén
voi mat vat rin mét géc can bing o goi 1 géec o hay goc lam wor, géc nay duoc do vé
phia chit long.

Khi @ < 90°, ta n6i ch#t 1dng lam
161 vat rén (hinh XV — 5a). Trudmg hop
nay xay ra khi cdc phan ti ch Iong trong
tde v6i cée ti€u phin clia vt rin manh
hon 13 giita ching véi nhau. S Tam uét

s& hoan toan néu a = 0° (cos a = +1). o

Khi d6 chat léng chdy lan ra ¢6 xu /%a\

huéng phil h&ét bé mit vat cin cho dén :
. a) " b)

khi I6p chét 1ong chi cdn 12 mot i6p don
phan tt, thi dy, nhu khi nhé nuéc lén
tam kinh sach.

Khi o > 90° (th{ du thiy ngin tren
mat kinh), ta néi chdt long khong lam
uor vit rin (hinh XV-5b). Trudng hop
nay xdy ra khi cic phan tir chii long
tuong tic véi nhau manh hon 1a véi cic
ti€u phan ctia vat rin. Khi 46 s chay lan s& khéng xay ra. Chét 1ong sé co lai thanh giot
6 dang hinh cdu det {t nhiéu (do tic dung cha trong trifdmg) va chuyén dong dé dang
trén mét v&t rdn. Su khong 1am w6t sé hoan voan khi o = 180° (coso = ~1).

Cing mot chit fong c6 thé 1am st vat ran nay, khong lam w6t vat rin kia. Thi du
nude 1am wit mot mat thiy tinh sach nhimg khong lam ude duoc parafin. Thiy ngan
khong lam w6t thiy tinh (va néi chung cic bé mat phi kim) nhung 1am w6t mot mat bing
sit sach. '

Hinh X/ -5, Goc lam uét. a) chéit 16ng [am
w6t vt vin ; b) cht I5ng khong 1am uét
vt rin

2. Hién tugng mao din

Nhiing mot ddu 6ng nhé (mao quan) vao trong chit 1éng cha trong
mot binh rong (hinh XV-6). Néu chét long 1am w6t thanh 6ng thi chat
léng dang lén trong Sng t6i do cao h va c6 mat khum I6m. Véi 6ng co
ti€t dién tron, mat khum gén 12 mot phén hinh civ. Vi tam cia do 1om &
pha khong khi nén theo (XV.16) : :

p‘—p"=2—0>0
T .
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déu (') tng v6i pha khong khi (pha D),
déu (") tmg véi chdt long. (pha II),
G la siic cang bé mat ciia chat long :
P s
cos ¢

d=rcosahoicr=

& 1a ban kinh cBia mao quin, « 1a
géc lam wét. =
T dé
¢+ __ 20cosa
p—-p = 5 - =
Vi ap suft khéng khi p' 16n hon
ap sudt chat long p” trong mao quan Ak XV 6. Su dang lén cira chdt long
nén chat léng phai dang len trong 1am 6t thinh mao quin
mao quin cho t6i dé cao h, véi do cao nay 4p sust cha cot chal long can
bang véi dp sudt Laplaxe p'—p", tic Ia :

p'—p"=pgh
p 12 kh6i hugng riéng clia chat 1ong, g 13 gia t6c trong trudmg,. Tir dé6 :

iy
}'itif

|
A
hl

|
X

b= 2acosa
pdg
Vay chit 16ng dang 1én cang cao néu sic cing bé mat ¢ clia né cang
16n, kh6i lugng riéng p ctha né cing bé, bén kinh & clia mao quan ciang
bé va géc lam uét o cang gén 0° '

(XV.18)

Cong thitc (XV.18) cho.phép do sitc cang b€ mit ¢ cha chat 1ong khi
dibi€th,a,p,dvag.

Néu 90°< o < 180° thi cosax < O (chat 1ong khong 1am uét thanh 6ng)
va theo (XV.18), h < 0, ¢6 nghia 12 chat 1dng sut xudng trong mao quan
- chit khong dang Ién (trudng hop thily ngan trong mao quén thiy tinh ;
khi d6 mat khum ciia chat long trong mao quan khéng 16m xuéng ma 16
1én).

206



3. Ap suit hoi bao hoa trén'nhiimg giot nhé

a) Goi p; v py 12 dp sult hei bio hod wén hai giot cha ciing mét chat 16ng c6 ban
kinh r; vii r; vii gid thiét hoi 13 1f tuéng. C6 thé chiing minh ring :

P2 _ 20V,
Pi RT

in

LI l} (XV.19)
L R |

& diy o la sic cing bé mat va V, 14 thé tich mol c@a chit 16ng, R 12 hing 56 khi. Nhir
the, néu r; <1, thi py > p,. Giot cang nhd, dp sudt hoi bio hoa trén giot d6 cang Ién.

b) Néu thay cho giot thif nht, ta c6 m6t bé mat phing, tic la 1, =cocdn r, =1, va goi
Py = Dys; Vi Py = Py, (ph = phiing), ta duoc :

s _ % (XV.20)
Poh .

Ding thiic ny goi I3 cdng rhic Tomxon (= Kenvin). N6 cho thay 4p sust hoi bio hoa
ciia chét long trén bé mat phing cia chét 1dng ludn luén bé hon 4p sust boi bio hod trén
bé mat 16 cda chit long d6 va do d6 trang thdi cé bé mat phing 13 trang thdi bén hon.
Nhimg giot nhéc6 Ap sut hoi bio hod lon & chuyén ddn thanh nhiing giot I6u hon vi
thanh mot bé mat phing ciia chét long.

4. Su ngung tu mao quin
Ciing tuomg tw nhu (XV.20) nhung véi ddu am ta ¢6.céng thitc Tomxon :

m‘:ﬂ = -% (XV.21)
ph

ufc 13 dp sudt hoi bio hoi cha chat 1éng trén bé mét 1om ciia chét 16ng bao gids ciling bé
hon trén bé mat phing ciia chét 1éng dé.

Trong nhitng mao quin hep, néu chat 1ong 1am w6t t6t thinh mao guan thi mat kham
ciia né bao git cling 16m. Khi d6, dp sudt hoi bio hoa clia chét 16ng trén mit khum Iom
s& bé hon trén bé mat phing. Két qua 12 tuy hoi chua dat duge 4p sufit biio hod dSi vdi bé
mai phing nhumg di c6 (hé 12 biio hok hodc qua bio hoa ddi véi chat 1éng nim trong
nhifng mao quin nhd, do dé c6 thé ngung tu trong nhimg 6ng d6 va lam ddy ddn 6ng.
Hién tuong nay goi la sir ngumg tu mao qudn va c6 thd xay ra dong thoi véi su hdp phu
hoi cia chit l6ng.
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§4. NHUNG PHUONG TRINH NHIET BONG
cO BAN D61 VOI LOP BE MAT. PHUONG TRINH
HANG NHIET HAP PHU GIPXO

1. Nhimg dai lugng du cla lop bé mét

Su bién thién ciia trutmg Iyc phan tir & 16p bé mit giifa hai pha thé
tich I va II 1am cho noi nang U, entropi S, s6 mol c&u tir i, v.v... cuia ldp
bé mit khic v6i nhimg dai lugng tuong (ng trong céc phathé tichIvail.

Do d6, ngudi ta thudng khong ndi vé toan bo noi ning U, toan bd
entropi S va vé 10an bo lugng méi ciu tir i cha 16p bé mit ma chi néi vé
dé du chia n6i ning, clia entropi va ciia s6 mol cdu tir i trong thé tich 1s
ctia 16p bé& mit (xem lai hinh XV-4) so v6i nhitng dai luong twong dng
trong nhing thé tich tvong img clia nhitng pha [ va Ii, nghia 1a trong thé
tich cha pha I bing t's va trong the tich clia pha Il bang t"s.

Ta ki hiéu nhitng d6 du d6 clia noi nang, entropi va ctia s6 mo} cdu tir
{12 U, 9 va n{®. C6 thé biéu thi chiing qua hiéu cia toan b0 noi

ning U, toan bo entropi S va téng s6 mol cau tir i cha 1ép bé mit 1s vdi
nhitng dai lugng tuong img trong thé tich T's va T"s bén trong nhimg pha
thé tich T va IL.

u® =y-u-u" - (XV.22)
Y- 5-8 (XV.23)
0 = -0 -ny’ C(XV.24)

Po du ndi nang y® goi 1a nang lugng bé mdt toan phdn clia 16p bé
mat, 4o du entropi S goi 12 entropi bé mat va o dir cu tir i goi 1a do
hip phu clia c8u tir i trong 16p bé mat. Chinh nhimg do du d6 cua noi
nang, clia entrépi va cia s6 mol c#u tir i méi dac trumg cho su khic nhav
gifta 16p bé mat va cic pha thé tich. Nhimg do du nay c6 thé 12 duong
hay am. _

Ciing ¢6 thé dinh nghia nhimg do du tuong déi v6i nhimg ham
phiét dong khic nhu entanpi H, nang lugng wy do F, thé dang 4p G v.v...
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Nhing dai luong U('q), s va n® dinh nghia nhu trén phu thugc vao dién
tich s clia bé mit phanh chia. D€ dé so sanh ching d6i v6i nhimg hé khéc
nhau, ¢6 thé quy chiing vé don vi dién tich b& mat phan chia :

v =u, - (XV.25)
sy =, (XV.26)
=1, (XV27)

U, va S, goi 12 ning luong bé mit, entropi b€ mit di véi 1 don vi dién
tich bé mat. '

Dai luong T; 12 do du s6 mol c&u tir i trong thé tich ciia 16p bd mit c6
dign tich s = 1 so v&i s6 mol cfu tir i ciing trong thé tich dé néu céc pha
the tich I va 11 téi gap nhau tai b mat phan chia s ma tinh déng nhat clia

chiing vin khéng ddi nhu khi con & trong 1ong céc pha d6. Dai luong T;
goi 1a dé hdap phu Gipxo clia clu tit i, thudng chi goi gon 12 dg hdp phu
ciia i d6i v6i 1 don vi dién tich bé mat.
2. Nhilng phuong trinh nhiét ddng ca ban doi véi Idp bé mit
Tuong ty nhu (XV.14) biéu thi bién thién dU ciia toan bo noi nang U
cha lép bé mat, c6 thé viét biu thifc doi voi bign thien do du ndi nang
dU(?}l cia 1ép nhu sau :

dU® = T1dS® + ods +Zpdn, (XV.28)
Phuong trinh nay cho thdy ring d6 du noi ning bé mit (con goi ta
ning lugng b€ mat toan phin) U™ 1a ham don tri bic nhat cha céc thira

s6 khuéch do S, s va 0. Do d6, U i 1¢ véi c4c thira s6 d6, tic 1a
theo (XV.28) ta c6 thé dit :
U =14 o5+ 2pn® (XV.29)
Vi phan toan phén cha ¥ s dang :
dU® = Tds® + ST + ods + sdo + EZpydn,® + Zn,Pdyy
Biéu thiic nay chi déng nhét véi (XV.28) néu :
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ST + sdo +Zn® du, = 0 (XV.30)
Tird6 suy ra & T = const '
sdo + Xn . = 0 (XV.31)

Nhiing phutong trinh (XV.28), (XV.29) v& (XV.30) la nhitng phuong
trinh nhiét déng co bdn chia Gipxo d6i vé6i 16p bé mat, duge Gipxo thiét
14p nam 1876. Phuong trinh (XV.31) thi twvong tw phuong trinh
Gipxo— Puhem & cdc pha thé tich.

D¢ suy ra dF 1a dung phép bi¢n déi Logiangdro them —d(TS™) vao
2 v€ chha (XV.28) s& duoc :
dF® = (U™ —TS®)y = _§OT 4 ods + Ipdn,®  (Xv.32)

F* g0i 1a do dur nang luong ty do (hay the ding tich) cita 16p bé mat,
thudng ciing goi 12 ndng luong 1t do bé mt. T (XV.32) suy ra :

(s) .
o= (%J (s) ... (XV.33)
A T,l‘l R

va ¢6 thé dinh nghia sic cang bé mdt o nhu la ndng luong tu do bé mgt

cita don vi bé md.
F ciing c6 thé suy ra tir (XV.29) theo hé thic : :
i § O X0 S Sun® (XV.34)
3. Phuong trinh ddng nhiét hip phu Gipxo

_ OT= const, néu chia 2 v€ cla (XV.31) véi s s& duoe

0.
do+3X-—dp, =0 (T = const)
s .

tifc 12 d6i v6i don vi bé mit, ta ¢6 & T = const :
- do = ZIdy (T = const) (XV.35)
(XV.35) 1 phuong trinh déng nhiét h4p phu cia Gipxa.
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§5. UNG DUNG CUA PHUONG TRINH HAP PHU -
GIPXJ. SU HAP PHU TREN BE MAT LONG-KHI.
CHAT HOAT DONG VA KHONG HOAT BONG BE MAT

1. Hap phu hoi ctia mdt chét trén bé mat chat 16ng khdng hoa
tan chat dé

Xét su hdp phu trén bé mit chia nudc (cfu tir 1) hoi cia mot chét
nguyén chit nao d6 (cfu tir 2) khong hod tan trong nudc, thi du ca mot
hidrocacbon no. Trong trudng hop nay, phuong trinh hdp phu Gipxo
(XV.35)viet la:

—do =T, dp, + Tydy (XV.36)
1Y 24H2

Vi nudc thuc t€ khong hoa tan hidrocacbon no nén thé hod hoc cua
n6 trong thé tich va do dé tréen bé mat khong thay déi, dp, = 0. Nhw vay
(XV.36) chuyén thanh :

— do =T,dy, | (XV.37)
Cho ring hoi 12 khi 1i tudng, ¢ thé hod hoc p, bang :
pp =p =’ +RTinp
p 12 4p sudt hoi, ta s& dugc & T = const :
“dpy = RTdinp
Dua biéu thifc nay ctia dp, vao (XV.37):

I, = —e=e—— 2 - P22 ©(XV.38)
34, RT3mp RT dp

Néu biét sy phu thudc sic cing bé mat o ca chat 1ong 1 vao 4p sudt
hoi p cia céu tir 2 khong tan trong chdt ong 1 thi nhd (XV.38) ¢6 thé
xéc dinh duoc do hdp phu hoi ciia cdu tir d6.

2. Hap phu trén bé mit chat 1dng mdt chét tan trong chit 16ng

‘Néu c4u tir 2 hoa tan trong pha thé tich cta cdu tir 1, thi du néu rugu
thap nhv rugu etylic tan trong nudc thi thé hod hoc ctia nudc thay doi.
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Tuy nhién trong trudng hop nay, vin c¢6 thé diung phuong trink Gipxo
dang don gidn (XV.37) thay cho phwong trinh ddy do (XV.36) bing
cdch chon v tri clia bé mit phan chia s sao cho so vdi vi tri niy, do hdp
phu T’y cia dung moi bang khong (I'; = 0). Diéu d6 c6 thé thirc hien
bing cdch 1am chuyén dich bé mat phan chia s sang phia pha I hoic pha
II cho t6i khi do du duong ctia c4u tir 1 theo mot phia bé mit phan chia s
dugc bu chinh xdc bdi do du am cha né theo phia kia. Khi dé :

—do =, 4y, - (XV.39)
ki hi¢u 1“2(1) c6 nghia 1 da cheon vi tri clta bé mit phan chia s sao cho

d6i véi vi tri nay T’} = 0. Cich chon nay chi ding duge & ving néng do
thap cua chdt tan vi chi & vilng nay n6é mdi khéng gy ra sai s6 ding ké.
Khi dé:

du, = RTdina,

a, 1a hoat d§ clia cu tir 2 trong thé tich cia dung dich II. Do dé theo
(XV.39):

pW._ 1 8 __amp 8 ¢ &

—— ~ —_— (XV.40)
RT dlna, RT 0a, RT dc,

Theo cong thifc ndy c6 thé tinh dirye dé hép phu ding nhiét 1‘2(1) = f(c,)
néu bi€t sy phu thude o = ¢(c,) & T = const.

3. Chat hoat ddng va khong hoat dong bé mit

a) Chdt hoat dgng bé mdt 1a chét khi tan vao dung méi 1am giam stic
cang bé mit o clia dung méi d6/dc, <0 vi do d6 theo (XV.40) c6 do

hdp phu duong (1"2(1) > 0), titrc 12 c6 kha nang tip tu & 16p bé mat cha
dung dich.

Thi du vé chat hoat dong bé mit d6i véi nude, c6 thé 14y nhidu hop
chat hitu co nhu cédc axit béo, cic rugu va amin ¢6 géc hidrocacbon kha
lén. Nhimg phén tir ciia chiing c6 hai phdn: mot phdn khong c6 cuc (46
12 géc hidrocacbon), mot phdn cé cuc, dé 1a nhilng nhém OH (ruou),
COOH (axit hitu co), NH, (amin) v.v... (dung dich nuéc cla cdc chat dé
cd sai leéch duong so véi dinh luat Raun).
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Taong tic gifia nhitg phan tir nudc véi nhau trong thé tich dung dich..
16n hon tuong tdc giffa nhimg phan tir nudc va nhimg phan tir hiru co do6,
do d6 nhiing phéan tir nay bi ddy tir thé tich dung dich lén bé mat dung
dich, va d¢ hap phy cla chiing la duong. Sy tap tu cua nhitng phan tlf nay
& 16p bé mat Jam yé&u nhifng twong tic phan tit & 16p bé mat, do do sire
cang bé mat gidm khi néng do cua ching tang 1én.

b) Chdt khong hoat dong.bé mdt 1a chit khi tan vio dung moi lam
tang siic cang bé mit clia dung moi (6o / 8c, > 0) va do d6 theo (XV.40)
c6 do hip phu am (I“(21) < 0), tifc 13 ¢6 xu hudng r3i bd bé mit thodng
dé di vao thé tich dung dich. '

Cic chit khong hoat dong bé mit so v6i nuGc 1a tét ca cdc chét di¢n
phan v6 co : axit, bazd, mu6i. Thudng thi nhimg ion nao hidrat hod cang
manh thi cang gay ra sy ting sdc cang bé mat :

) Cl>Br>1; Li>Na>K.

¢) Chdlt khong c6 dnh hudng dén sitc cang bé mdt cita dung dich.
D6 1a nhitng chdt phan b6 déu ca trén 16p bé mat va ca trong thé tich
dung dich, do dé d¢ hdp phu I' = 0. Nhimg chat nay thudng cd sife
cang bé mat gin bing sic cing bé mat cha dung moi. Thi dy duong
saccarozo khi tan vao nuéc hdu nhu khong 1am thay déi sic cang bé
mit clia nudc.

4. Sy phu thudc s cling b8 mit vao ndng d& chit hoat déng bé mét

& cic nbng 49 c bé clia chat hoat dong bé mt, sirc cing b€ mat o chia dung dich
gidm 4 I& thudn véic:

o,~o=ke (XV.4l1)
o, 14 siic cang bé mjt ciia dung moi nguyén chit ; k la hing 6 G le.

3 cic néng d6 16n hon, o gidm cda & theo sy tang cda c bidu thi bAng phuong trinh
do Siscopxki im thay bing thyc nghiém nim 1908 :

_ o, - 6 = Aln(! + Bc) , (XV.42)
trong d6 A v B1a nhimg hing s& dac trung cho mdi chilt hoat dong bé mat.

5. Mang don phan . Khf hai chiéu

Phan tit ciia nhilng chiit hoat ddng bé mat thudmg c6 sy dinh hwdng rit dic tnmg so
v6i bé mai ciha mude. Thi dy trong sy h&p phu rwgu hodc axit béo, nhitng nhém ¢6 cuc
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OH hodc COOH (biéu dién bing O trén hinh X¥-7) do tinh ua nuéc v c6 kha nang
hidrat hod nén s& nhiing viio nuée cdn goc hidrocacbon khong cuc (bi€u diZn bingr)
thi ndm ngang trén m3t me6e khi ndéng 0 ¢ cha hoat dong b& mat con bé (hinh XV-7a).

Doi v6i néng db ¢ lom, cic géc '
hidrocacbon phan b6 thing géc voi bé
mit va nhd ra ngodi khéng khi (hinh
XV-7b).

Céc phan tir d6 ciia chit hoat dong
bé mat tac thanh mot thit mang don
phdn tf (mang mot 16p phan ).

Khi bé mit nuéc rit lom, cic phan tir
cha mang ph&n tin xa nhau trén miit
nuée va do chuyén dong nhiét hén loan
s chuyén dong trén mit nudc doc iap
v6i nhau va gay nén mot 4p susit bé mit.
Mot mang nhv vy c6 thé coi nhu mét _
khi H tedng hai chidu (hai chify vi cde ' _
phan tis khong 13i bo dugc b mat cia  Hink XV—7. Sy dinh buéng cita nhimg phin
nudc, chi c6 thé chuyén dong tén mae tir chai hoat dgng bé mat & bé mat cia nyée
nuéc). Néu néng do tang, cac phan tir
gan nhau bon thi o6 the coi mang dom
phan o nhu ki thue hai chiéu.

Dai véi ndng do ¢ bé, theo (XV.41):

n=c,—a=ke
L&y vi phén :
dn=d(g, - ¢) =—do =kdc
Dua biéu thiic n2y ciia ~do vao phwang trinh hip phu Gipxo (XV.40) :
¢ do ¢ dm ckde o

= —— = 2t = = ——
RT dc © RT dc¢ RTdc RT
Goi @ 12 b mét ma | mol chat hoat dong bé mat chiém dudi dang kh{ hai chiéu, ta
¢6 I' = lfo. Pura gid tri ndy vao 1XV.43). Ta duge : .
1

n
— = % hofic mo = RT XV.44
® RT ™ ( )

Phuong Irinh ndy tuong tr phuong trinh trang théi Clapéron-Mendéleep d6i v6i | mol
khi I tudng :

(XV.43)

pY =RT

& day V 12 thé tich khi 3 chidu, p la 4p sudt khi, con trong (XV.44), dién tich @ déng vai
trd 13 "thé tich” khi 2 chiéu va &, do gidm sifc cing bé mat cha nude, déng vai trd 1 "ip
sust bé mat" cha khi 2 chiu. B
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Dai vai khi thure 3 chiéu, phuong trinh trang théi la phuong tdinh Van de Van :
[p + —) (V-b)=RT
v?

Bai véi khi 2 chiéu khong 1i twéng, Vién 51 Lién X6 Phrumkin chi ra ring ¢6 thé
dimg mot phudng trinh twong ty :

('.rr + —--J (w-P)=RT (XV.45)
I

o va B 13 ohig hing s6 trong W a va b trong phuong trinh Van de Van.

§6. HAP PHY KHi VA HO! TREN BE MAT VAT RAN.
THUYET HAP PHU BON PHAN TU LANGMUA
(LANGMUIR)

1. Nhiing luan diém co ban cla thuyét hip phy Langmua

Thuyét hap phu Langmua (1916) xay dimg trén co s& thuy&t dong
hoc phan tir gém ba luan diém chinh:

1) B& mat vat ran gdm mét 56 c6 han nhitng vi tri hdp phu déc lap
(nhimg trung tim hoat dong), nhing vi tri hp phu nay c6 thé 13 nhiing
dinh, nhimg chd nho cao c6 & bét ki bé mat vat rin nao dir da mal rét
nhin; thi du mit guong béng nhdn vin c6 nhimg ché nho cao 10~ Tem.
MGéi vi tri chi hdp phy mét phan i khi. Tinh doc lap ciia cdc vi tri c6
nghia 1a sy c6 mat clia mot phan tir khi & mot vi tri hdp phu khong anh
huding gi dén cic vj tri hap phu khdc. Nhu vdy qud trinh hap phu khi bay
hot trén bé mat vat rin phai tién 151 tao nén mét Iop hdp phu don phén .

2) Cac i tri hdp phu déu cé 4i luc nhu nhan d6i véi khi duoge hip
phu, tirc 12 bé mat vat hdp phu 1a déng nhdt, dac biét cic vi tri hdp phu
déu c6 nhiét hdp phu nhu nhau.

3) Khong c6 tuong tdc giifa c4c phan tir d& duge hap phu.

2. Phuong trinh ding hhiét hap phu Lingmua d&i vdi mot khi

a) Thiét ldp phuong trinh. O T = const, goi 8 = a/a, 1a d6 dién ddy bé
mét chia vat h&p phu, a 1a lugng khi bi hdp phu trén bé mat di cho-(tinh
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ra 50 mol khi d&i v6i 1 gam vat hép phuy) ap, 12 lugng cuc dai khi bi hap
phu khi @ = 1(dién ddy hoan toan).

Nhu vy O biéu thi phdn bé mat bj cic phan tir chiém, do d6 phin bé
mét cn rdng 12 1- 0, :

D€ c6 thé duge hdp phy, phan tir khi phai va cham vio bé mat vat hap
phu va rai vao vj tri con tr8ng. Vi s6 lan va cham ti l¢ thuan véi 4p suat p
cha khi trong pha khi con xic suft roi vao vi trf tréng ti 1é véi phdn bé
mit con tréng 1- 8 cho nén t6c do hap phu vi bing :

vi = k{-0)p
k) 1a hang s6 t6c d¢ hip phu & nhiét do T da cho.

Phan tr khi bi hdp phu s& thodt ra khoi bé mat vat hap phu (qua trinh
giai hdp phu) n€u nang luong clia né dit dé n6 vuot ra khodi bé mat. SG
nhimg phan tir nhu the i 1¢ thuin véi s6 nhimg phan tir di bi hap phu,
nic la v6i phan © ciia bé mat da bi khi chi€m. Do d6 téc do gidi hép phu
vT bing :

'  vT =ky0
k, 12 hing s6 16c do giai hap phu & T di cho.

Khi t6c d cia hai qui trinh nguge nhau, hip phu va giai hap phu

béng nhau. v} =v1, ta dat t6i trang théi can bing hap phu. Khi dé :
k29 kl (1 - B)p

twrdo

k80 = kip-k;0p

8(k; + kip) = kyp

p-_xip __(/ky)p
k2+klp 1+(k|,~"k2)p
Bit b = ky/ky, b goi 12 hing s6 can bing hdp phu (doi khi bi€u thi
bing K thay cho b), ta dugce ' '
a bp

an h 1+bp

(XV.46)
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(XV.46) goi 1a phuong trinh ddng nhiét hdp phu Lingmua d6i v6i
mét khi.
b) Nhiing tricong hop rieng
D) Viang Henry. Khi sy hap phy yé'ﬁ (b bé) vii tai 4p sudt can bing p bé cia khi bi hap
phu thi bp << 1 vic¢é thé chip nhan 1 + bp= 1. Khi d6:
6=bp ' (XV.47)
Sur hip phu khi tic [2 46 dién diy bé mat 8 (i 18 thuan v6i 4p sudt can bing p cia khi

trong thé tich cfia pha khi. D6 12 ndi dung cta dinh ludt Henry va (XV.47) goi la phiong
trinh ddng nhiét hdp phu Henry, phuong trinh nay ciing c6 thé viét :

9=i=bphoiwa=aml_9p=kp- (XV.4R8)
Ay
tifc 1 & Ap suft thap, hrqng a chat bi hap phu (tinh d6i v6i 1 gam v hdp phu) 1 1& v6i 4p
sufit c&in bing p cla khi trong pha khi (uhdnh OA trén hinh XV-2).

Viing hdp phu bdo héa. Khi sy hdp phu manh (b 16n) va & ving p 1én, | + bp = bp,
{theo XV 46) § = 1. Khi d6 bd mat duoc dién ddy hoan todn bdi chat bi hip phu va su
tang dp suft cha khi hon nifa trong pha khi khéng cé anh huéng nita d&n luong chat
bi hap phy trén bé mat vit rin (vimg BC trén hinh XV-2). Viing nay la viing hdp phy
biio hda.

Nhu vay, khdc véi phuong trinh hap phy Phréinlich chi ding cho ving ap sudt trung
binh, phuong trinh hdp phu Langmua mé 14 tron ven dudmg diing nhiét hip phy cda hinh
XV-2 tir vimg dp suft thip d&n viing dp sust cao.

c) Dang tuyén tinh cia phiong trinh Lingmua. (XV 46) c6 thé viét :

bpa,, = a.+abp
Chia hai v€ véi baa,,, s€ duoc :
p__1 P

(XV.49)

Day Ia dang tuyén tinh cla phuong trinh Liangmua (XV.46). Duimg
biéu dién p/a theo p 1a mot dudng thing ¢6 do doc bang 1/ay, con 1/ba,
Ia tung d6 goc. Tir d6 xdc dinh dugc bvaa,,.

d) Phuong trinh Lingmua dang ¢é néng do. Khi khi hay hoi c6 thé
coi 1a I tudng thi dp sudt p ti 1¢ v6i néng d0 ¢ ciia khi :

p= %RT = cRT (XV.50)
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- Khi d6 phuong trinh Langmua (XV.46) c6 thé biéu thi dusi dang :
a be

ay, 1+be

Di nhién & day hing s6 b ¢6 gi trj bing s6 khdc véi b trong (XV.46),
e) Chuyén i phiwong trink Gipxo sang phuong trink Langmua.
Tir phuong trinh Siscopxki (XV.42) :

Sy — o =Aln(l + be)

(XV.51)

18y vi phén :
. Ad(l + be)
d - = —do = Adll + be) = 28 T B¢
oy a) n( ) T 7 be
tifc la :
—do:Abdch_—E-—- Ab
I+ be de 1+bc

Dua bidu thitc ny ciia - de/de vao phuong trinh déng nhiét hap phu Gipxo (XV.40), _

r-—"S 4 _A b (XV.52)

Bdi v6i sir hap phu khi trén bé wét vt rin, lugng khi bj hap phy I6n do d6 luong du
T thie € tring véi luong tuyet dgi, wic 13 ;

M=a=—__ L2y, = —, taduge:
RT 1+ be
g=2 . b
a,  l+be

Nhu vy nh phuong tinh Siscopaki, ta chuyén duge tir Phuang trinh ding nhiét hap
phu Gipxo xay dyng thusin tdy bing nhiét dong luc hoc sang phirong trinh ding nhiet hdp
phu Langmua x2y dyng thudn tdy bang thuyét dong hoc khi. -

) Ap dung phuong trinh Ldngmua dé xde dinh bé mdt riéng cida vit
hdp phu. Bé mat rieng 1a bé mat tinh d6i véi 1 gam vat hap phu. Daij
lugng a; tifc 1a luong chat bt hép phu (tinh ra s6 mol chat bj hip phu d6i
véi 1 gam vat hap phu) phii kin bé mat vat hap phy béng mot 16p don
phan tir ddy dd, goi 13 dung tich {6p don. Dai lugng nay cho phép xic
dinh bé mat rieng s clia vat hap phu néu biét dien tich o_, chodn bdi mot
phan tir chét b hép phu trén 16p don : '
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s =a, NaoOp, (XV.53)
N4 14 56 Avogadrd.
Dai luong ©,, tim dugc tirkich thuée Van de Van ciia phén tur.

3. Phucng trinh Lingmua d&i véi hon hop khi
Néu khong phdi mot khi ma [3.mot hén hop khi duge hap phu trén bé mat vat ran thi
40 dién ddy 6, bé mat vat rin bii khi i tinh theo phuong trinh :
/1 ' _ (XV.58)
. 1+ Zbil’i
& day téng dugc 14y theo moi cdu tir i cha hén hop khi. Thi dy d6i v&i hén hop hai khi
lva2: :
_= bipy
Y l+bp + e _
Nhu vy sir thém cfu tir vio hé lam gidm sy héip phu cia céu t& khic. D6 14 hign
tuvong canh tranh hip phu. )
4. Nhing thidu sét clia thuyét hap phu Lingmua

M5 hinh hdp phy Lingmua dién dat duge nhimg nét quan trong ciia hién tugng hép
phu. Nhung ngay sau khi né duoc cong b, ngudi ta dii phat hién hing loat sy ki¢n mau
thudn v6i ca ba luan diém co ban cia thuy& d6. Dac bigt thue t€ cho thay : 1) sy hip phu
6 thé xdy ra theo 16p da phan tir ; 2) bé mat vat hdp phu thudmg khong déng nhat vé& mat
pang ligng, tic 1 che vi tf hdp phy c6 thé c6 nhiing nhiét h#p phu Q khéc nhau ; 3) 6
thé ¢6 tuong tdc gitta cic phan tir bi hap phy thudc cing mot 1ép dom.

Nhu vay sir phat trién thuyét hip phy Langmua diin dén k€t qué la phai hiéu chinh
thuyét d6 theo ca ba hudng. Dudi day, ta chi xét hubng phit trién theo co ch& da phin tir.

§7. HAP PHU HOL THUYET HAP.PHY
PA PHAN TUB.E.T

Khi va hoi khong khic nhau. Tuy nhién ta thuong goi 12 khi nhimg
chit khong tdn tai & trang thdi long trong diéu kién thudmg, thi du nhitng
khi O,,H,.Ny, CO,C0; v.v... Con hoi thi dic trung cho nhimg chat &
trang théi 1ong & nhiét 4o thudng, thi du hoi nudc, hoi benzen v.v... Tai
mbi nhiét 46, chit 1ong nguyen chét cd 4p sudt hoi bio hod hoan toan
xdc dinh.
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1. Sy kién thye nghiém

Thyc nghiém cho thdy a
dudng ding nhiét hap phu B
hoi thudng cé dang chif S, .
khong c6 doan thing ngang A
song song voi truc 4p sudt,
tiic 12 khong c6 giai doan
bao hoa (hinh XV-8).

N6 ¢6 diém u6n tai A va 0
nhinh AB tiép tuc cong vé : P
phia trén.

Néu vat hdp phu ¢6 mot
hé théng 16 x6p va mao
mach rat pht trién thi c¢6 thé gidi thich tinh khong béo hoa cta sy hap
phu hoi 14 do trong sy hdp phu c6 hién wong ngung tu mao quan ciing
Xay ra, 1am cho luong chat dugce giit lai & b mat vat hap phu ting lén.

Tuy nhién dudng ding nhiét h4p phy hoi dang chir § ciing x4y ra &
céc vat hdp phu khong x6p, & day khong thé cé sir ngung tu mao quan,
Do d6 phai giai thich sy hap phu theo co ché da phan «ar.

2, Thuyét hip phu da phan t&r B.E.T.

Thuyét nay do ba tic gii Brunaue (Brunauer), Emmet (Emmett) v
Telo (Teller) xay dung nam 1938 (B.E.T. 1a ba chir c4i ddu tén cia
mbi ngudn).

V€ co ban, thuyét BE.T vén giir nguyén 2 trong 3 luin diém clia
thuyét Langmua :

1) Bé mat vat hap phu Ia déng nhat vé mat nang lugng, tirc 1a cic
trung tam hap phy déu c6 nhiét hap phu Q nhy nhay ;

2) Khong c6 tuong téc giita cdc phan tir bi hdp phy thudc ciing mot
16p don, tirc 12 khong ¢6 tuong tic ngang.

Thuyét B.E.T. khic thuyét Langmua vé Iusn diém sau :

3) M8i phan tif 16p thit nhat I3 mot trung tam cho sir hap phu Iép thi
hai, méi phan ur 16p thit hai A trung tam st hap phu 16p thir ba v.v...

Hink XV 8. Dang chir S cta duomg ding nhiét
hip phy
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Bing cdch dé, sy hip phu dién ra theo 16p da phan tir. Chi ¥ rang thuyét
B.E.T khong cong nhan ¢6 tuong tic ngang giifa cdc phéan tir bi hap phu
thudc cling mot 16p, nhung lai cong nhin ¢é tuong tic doc gilta nhing
phén tir thuoc 16p trén va 16p dudi.

Theo thuyé&t B.E.T, diém utn A (hinh XV-8) két thiic phdn cong dudi
cha dudmg déng nhiét hdp phu dng v6i sy bdo hoa 16p don phén tir, con
nhdnh AB clia duding cong di 1én img v6i sy hinh thanh 16p da phan ur.
Hinh XV-9 12 mo hinh 16p da phan 1.

oo el o oo B

Hinh XV —-9. Mo hinh 16p da phan tir

3. Phuong trinh déng nhiét hip phu B.E.T
_ Cich tinh ciing tuong ty nhu trong thuyét Langmua nhung cé phic
tap hon mot chiit, vi ¢é nhiéu 16p hap phu. Céch tinh trén co s6 s6 16p 1a
vO han din t6i phuong trinh dang nhiét hap phu B.E.T c6 dang sau :
LI Co/Poh
am  (-p/pw) 1+ (C-Dp/ppw]
a 12 lugng hoi bi hip phu (tinh ra s6 mol hoi d6i véi 1 gam vét hép phu);
a, 1a lugng hoi bi hdp phu khi b& mat vat hép phu di duge phi hoan
toan bdi mot 16p don phan i, a,, goi 1a dung tich 16p don; p 1a dp sudt
can bing clia hoi trong pha hoi trén vat hap phu & nhiét d6 T = const ;
Ppr, 12 dp sudt hoi bdo hoa ciia chat 1ong & T di cho; C 12 hang s6.
Khi p/p, bé va C > Lthi phuong trinh BE.T (XV.55) chuyén thanh
phuong trinh Langmua. Thuc vy, khi d6, c6 thé viét :
-2 _ Cplpewm _ bR
Tap  1+Cp/pyy,  1+bp

(XV.55)
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vdi
C
b= —— =const
Pth

D¢ xdc dinh nhimg hing s6 C va a, ,ta dua phuong trinh BE.T
(XV.55) v€ dang tuyéh tinh bing cich viét :

P/Poh . _ 1+(C—Dp/pp
a(l-p/ppp) Cap,
_Plew L1 C-1 p (XV.56)

al-p/pen) Cam  Cap Doy

Dutmg biéu dién dai lugng & v€ tréi phuong trinh (XV -56) theo p/py;,

1a mot dudng thing c6 d d6c bang (C-1)/Ca,, va c6 tung do g6c bing
1/Cap,. Tir d6 xdc dinh duge Cva a,,.

Sau khi di xdc dinh dugc a,, ¢6 thé tinh duge bé mat rieng s cha vat
rin hdp phu theo cong thife (XV.53) :

8§ = amNAco

m 12 dién tich chi€m bi | phan tir hoi bi hip phu trén 16p d(m N ald
sd Avogadro.
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P (G101 THIEU TOM TAT TIEU SU

Gido su Nguyén Pinh Hué sinh ngay 27 thang 12 nam 1920 tai
Ha Nai.
Ném 1944 6ng déu U nhéan tai truong Pai hoc Khoa hoc thuéc Pai
hoc Péng Duong (U.l). Ong gidng day trong linh vuc Héa- Van
(Hoéa -Sinh); vé sau éng chuyén tém vao linh vuc Héa i cua Hoa
hoc. Ong lam Hiéu trudng truong Cao dang Su pham Péng Duong
cho téi nédm 1954. Hoa binh l&p lai, 6ng tinh nguyén & lai mién
Bac gép phan xay dung ché ddé moi do cy H6 Chi Minh lanh
dao.Thoi gian déu éng giang day Hoéa li cho Truong Pai hoc Su
pham - Khoa hoc.Sau khi Truong Pai hoc Su pham va Bai hoc Téng
hop duoc tach ra,éng vé lam Truong bé mén Héa I khoa Héa hoc
Truong Pai hoc Su pham tU nam 1958 tai luc vé huu,1981. Cung
véi nhing bai gidng suc tich thé hién mét trinh dé rét cao vé khoa
hoc va phuong phép su pham, éng truc tiép bién soan cac bd gido
trinh <6 gié tri cho toi ngay nay :

- B6 Gléo trinh CAU TRO VAT CHAT gam 4 cudn.

- B& Gido trinh NHIET DPONG LUC HOA HOC gbm 4 cudn.
Ong clng quan tdm nhigu tai cae linh vue Héa If khéc nhu Péng
héa hoc, Pién hoa hoc,...
Cé su cdng tac cla cac nha Héa hoc khéc, éng chu tri dich gido
trinh Héa If cia Keriev tu tiéng Nga sang ti€ng Viét. Ong tham gia
bién soan TU dién Héa hoc Nga - Anh -Viét dau tién.
Trong nhiéu ndm, éng la Truong tiéu ban Héa Ii tryc thudc Up ban
Khoa hoc va Ki thuat Nha nudc, Ong cing la Uy vién cba Uy ban
nay.
Ve cusi doi, mdc du bi bénh hiém nghéo kéo dai, ng vén say sua
bién soan gido trinh, huéng dén nghién cbu sinh, hoat déng khoa
hoc .
Ngodi cdng tac chuyén mén, khoa hoc, éng con la Chi tich Mat
trén Té quéc quéan Ba Binh, Ha Nb&i nhigu nam.
Gido su Nguyén Pinh Hué la mét té&m guong sang vé long ndng
nan yéu nudc, say mé hoat déng khoa hoc va ¢é nhigu déng gép
16n cho nén gidp duc nudc nha.
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