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Chuong 6

PHAN UNG XAM NHAP (PHAN UNG BANH KEP)
VA PHAN UNG TRAO POI ION NHU LA MOQT
PHUONG PHAP DIEU CHE CHAT RAN MOI
TREN CO SO CAU TRUC DA CO SAN [37]

6.1 Phan wng xam nhap

Cho phén tu, nguyén ti, ion la xdm nhép vao mang tinh thé cla mot chat nén 1a mot phuong
phap tong hop chit rin méi. San pham cua phuong phap nay chu yéu duéi dang bot. Chét ran nén
sir dung ¢ déy phai c6 mot sO dic tinh nhu cau tric mé nghia 14 ¢o chira cac khe, ranh, cac 16p
trong, héc tréng cho phép khuéch tan cac nguyén tir hodc phan tir la vao do. Vidu chét ran co thé
lam nén nhu graphit, fulleren (13 hai dang thu hinh ciia cacbon), mot sb sunfua cua klm loai
chuyén tiép (vi du TiS,), p-AlLO3, zeolit, khodng vat sét... Dudi day ta xét mot sb vi du vé cac
hop chat xAm nhap.

6.1.1 Hop chit nén trén co sé mang tinh thé graphit

Cacbon c6 ba dang thu hinh la kim cuong, graphit, fulleren, trong d6 kim cuong cé céu trac
chic dic va bén ving nhit. Trong kim cwong, cac nguyén tir cacbon & trang thai lai hoa sp® lién
két cong hoa tri bén vitng voi 4 nguyén tir cacbon khac tao thanh mang ludi khong gian ba chiéu
tinh thé thudc hé lap phuong. Hai dang thu hinh con lai la graphit va fulleren co cau trac rit mo,
chira cac khe ranh, hoc tréng... cho phép cac nguyén tur, ion khac di vao d& dang theo kiéu phan
{rmg x4m nhap dé tao thanh chit rin méi. Ba obitan lai hod sp cua cacbon trong graphit, fulleren
tao lién két cong hoa tri voi 3 nguyén tir cacbon khéc trén cung mdt mat, con mét obitan p chua
lai hod tao thanh mot hé electron 7 phan b vé ca hai phia cua mat do.

CAu truc 16p cua graphit cho phép cac nguyén tur, ion la xdm nhap vao mot cach dé dang tao
thanh nhiéu loai hop chat méi c6 cac tinh chat dic biét. Chat xAm nhap c6 thé 13 4 kim, kim loai,
mubi...

Vi du cac phan Uing sau:
Graphit%» Cs 6F + C4F (florua graphit mau den)

Graphlt% CFy¢s + CF (florua graphit mau den)



Graphit + Br, —— CsBr

Graphit + K —» CgK (mau dong thau)
(dang nong chay hoac hoi)

chéan khong
CgK _ C24K e C36K —> C48K —> C60K

(mau thép xanh)
Graphit + H,SO4(ddc) —» C,(HSO;). 2H,S0, + H,

Graphit + FeCl; —» hop chat ciia graphit v6i FeCls

Cac phan Ung trén day phan 16n 13 phan ung thuan nghich. Nhu graphit phan tng véi kali
nong chay tao thanh hop chat CsK. Dé CsK trong chan khong mot thoi gian thi s€ phan huy thanh
cac cau tu. Piéu do6 co6 nghia la phan tng dé dang chuyén dich theo chiéu thuan ciing nhu theo
chiéu nghich va cu triic 16p ciia graphit khi tao thanh hop chat xAm nhap khong bi thay dbi dang
ké. Vi du 1, khoang cach giita cac 10p cta graphit 1a 3,35 A, khi kali xAm nhap vao dé tao thanh
CgK thi khoang cach d6 tang 1én dén 5,41 A, khi flo xdm nhdp vao con lam cho khoang cach do
ting 1én hon nita nhu trong C4F 14 5,5 A trong CF 12 6,6 A.

o cacbon

o kali

(b)



Hinh 25.
(a) Cau truc cla graphit
(b) hgp chat xam nhap kali trong graphit CgK
Céu truc cua nhiéu hop chit xam nhdp trong graphit con chua biét déy da. Hinh 25 gidi thi¢u
cau truc cua CgK.

Nguyén tir A; ctia mit 1 ndi v6i nguyén tir Az cia mat 3 di qua tdm cua luc gidc o 16p 2.
Ciing vay ndi B, va B; s& di qua tam lyc giac 16p 2. Nguyén tar C, & 16p 2 nam trén duong ndi
tam cua lop 1 va 16p 3.

Trong graphit ban dau ¢ vi tri tuong ddi cta cac 16p sao cho nguyén tir cacbon cia 16p nay
nam vao vi tri tAm luc giac cua hai 16p bén canh, nghia 1 tha ty luan phién cta cac 16p 1a ABAB
(chu ky ldp lai 1a 2). Khi nguyén tir kali xdm nhap vao giita cac 16p thi co su chuyén dich cac 16p
lai 1am cho vi tri cacbon & cac 16p trung nhau theo truc C, nghia la thir ty luan phién bay gio 1a
A.AA... (chu ky ldp lai 13 1, nguyén tir cacbon & cac 16p khac nhau duoc sip xép trén cing mot
duong thang truc C). Nguyén tir K ndm & vi tri tAm cua hai luc giac ctia hai 16p canh nhau. S6
phdi tri cia K 1a 12. Néu tat ca cac vi tri tm luc gidc déu co kali thi cong thirc ctia hop chit 1a
C,K nhung & ddy chi c6 1/4 vi tri chtra kali nén cong thirc 1a CzK. Trong CsK ¢6 su chuyén dich
electron tir kali cho cacbon do d6 tao nén cau triic phan cyc C;K*. O day graphit 1a chat nhan
con kali 1a chit cho. Trong hop chit xAm nhap CgBr thi graphit lai 13 chat cho con brom 1a chét
nhan C;Br . Cacbon trong cac hop chit xdm nhap khi thi déng vai trd chat cho khi thi dong vai
trd chat nhan nén viing din ctia hgp chat xAm nhap graphit chi duoc 1ap day 1/2 mic ning lugng.
Boi vy CsK, CgBr... déu 1a chit ban dan tt.

6.1.2 Hop chit nén trén co sé mang tinh thé cia fulleren

Fulleren 1a nhitng phan tir cacbon hinh cau rdng trong d6 cic nguyén tir cacbon nam trén
dinh cua cac da dién 161 v&i 12 mat ngli gidec déu va mot s6 mat luc giac déu (hinh 26).

fulleren-Coo  fulleren-Coq4 fulleren-Ceo fulleren-Cgo
Hinh 26.
Mot sO dang fulleren
Trong s6 fulleren thi Cg 12 hop chit bén virng nhit va phé bién nhat. Fulleren Cg c6 12 mat
ngil giac déu va 20 mat luc giac déu. Trong d6 cac nguyén tir cacbon déu & trang thai lai hoa sp”
lién két cong hoa tri bén virng v6i 3 nguyén tir C nhu trong cac 16p cua graphit, con mot obitan p
chua lai hod tao thanh mot hé electron © gidi tod cd & mat trong va mat ngoai cua phan tir hinh
cau rong d6. Ciing nhu & graphit, hé electron 7 niy lam cho fulleren cé thé tham gia phan ung két
hop v6i kim loai, 4 kim cdc nhom hitu co dé tao thanh nhiing chit ran c6 tinh chat dic biét.



Fulleren Cqo két tinh theo hé l1ap phuong tam mat (hinh 27), hﬁng ) mang a = 14,2 A, ty trong
1,67 (ty trong kim cuong d = 3,5; graphit d = 2,3).

Hinh 27.
T¢ bao mang cua fulleren Cqg

Fulleren Cgy c6 mau do tia, tan trong dung moi khong phan cuc, ¢o tinh thing hoa...

Fulleren phan tng v&i kim loai kiém, kiém tho cho san pham c6 tinh siéu din & nhiét d6 cao
(nhu K3Csp, CsRb,Cgp) trong d6 Cgp dong vai tro chat nhén va nguyén tu kim loai nam & Vi tri
bén trong khéi cau. Véi nguyén tir 4 kim, fulleren phan tmg két hop cho san pham rin nhu
Ce0Brg, C0O trong dé Cep dong vai tro chit cho va nguyén tir 4 kim lai nam & phia ngoai khdi cau
(hinh 28).

B .
Brom @  Cachon

Hinh 28.
Phan t&r CeoBrs

6.1.3 Hop chit xAm nhip trén co sé mang tinh thé disunfua cia kim loai chuyén
tiép c6 cau tric 16p va cau tric ranh

bisunfua cua kim loai ghuyén tiép thudc nhom IV, V, VI co géu trac 16p va co thé dung lam
tinh thé nén cho cac hop chat xam nhap. Vi du TiS, c6 cau tric kiéu banh kep (hinh 29).
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Hinh 29. o .
So d6 biéu dién cau truc 1&p cla TiS; va clia hop chat xam nhap
LiTiS2

M&i mdt banh kep gdm mdt 16p Ti ndm giita hai 16p S. Cac nguyén tir Ti ndm & vi tri bat
dién cia phin mang S. D€ tach cac banh kep ra khoi nhau chi can vuot qua lyc hit van de Wall
gitra hai 16p S. Nguyén tir hodc cac ion khac c6 thé dé dang xam nhép vao khoang cach gitra cac
banh kep d6. Vi du tuong téc:

xLi + TiS; —— > LiTiS; (0<x<1)

Khi xdm nhap vao khoang giita cac banh kep TiS, ion Li" 1am gidn né mang ludi theo truc ¢
1én khoang 10% (véi x = 1), ddng thoi xay ra sy khir Ti*™ dén Ti** theo mot luong twong duong
v6i x. Phan Gmg ndy thuong tién hanh ¢ nhiét d6 phong trong dung méi hitu co véi chat phan Gng
la n-butylat liti.

Hexan

xCsHoLi  + TiS, > LiTiS, + ~CgHig
Khi quyén tro 2

Sau khi phan ung két thac loc san phidm ran thu duoc va rira bang hexan. Cé6 thé dung
phuong phdp dién hoa dé tong hop Li,TiS, (hinh 30).
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Hinh 30.
Phan trng dién hoa dé& xam nhap liti vao TiS;




Am cuc cua té bao dién hoa 1am béng bot TiS, ¢6 tron teflon dé tang do bén co hoc roi nén
vao luéi kim loai. Chat dién li 1a dung dich mubi LiClO, trong dung moi phan cyc khdéng nudc,
vi du dioxolan. Duong cuc 1a ban kim loai liti nhiing vao dung dich dién phan. Khi dong mach thi
c¢6 dong electron di tir Li dén TiS, theo mach ngoai con trong dung dich dién phan ion Li* chuyén
vé
am cuc.

Luc bat dau phan Gng thi strc dién dong ctia pin nhu trén hinh 30 c6 gia tri bang 2.5 V. Trén
co s d6 cap pin gavani Li/TiS, duoc xem nhu loai pin c6 trién vong dé tao nén mot hé tich trix
ning luong 16n gap 3 dén 4 1an so vdi acquy chi-axit cé cting khdi lwong.

Hai phuong phap tong hop L1XT182 c6 the sur dung dé diéu ché nhiéu hogp chat xAm nhap khac
c6 chira cac cation kiém, Cu’, Ag", H", NH"4, cac amin, cic metaloxen.

Ngoai graphit, fulleren, disunfua kim loai chuyén tiép ra, con c6 thé dung nhiéu chat rin
khac dé tao ra hgp chat xam nhap nhu Ta,S,C, NiPS;, FeOCl, V,0s, M0oO;, WOs3, TiO,, MnOs...

Chung 6 cling da tong hop duoc mot sd chat xdm nhdp trén co s& mang ludi caolinit bang
cach dung chat hoat dong bé mat dé pha dut lién két hidro gilra cac 16p caolinit roi dua vao dé
cac chat dinh dudng [6].

6.2 Phin irng trao ddi ion

Cho ion ¢ moi truong ngoai thay thé vi tri ctia ion trong chét nén cling la mt phuong phap
dé tong hop chat ran méi. Yéu cau co ban ¢ day 1a ion trao doi trong chat nén phai c6 d6 linh
dong cao. San pham cua phuong phap thuong dudi dang bot. Co nhiéu vi du str dung phan ing
trao doi ion dé ché tao vat heu ran c¢6 dic tinh mong mudn. O day ching ta xét mot vi du cu thé 1a
phan tng trao doi ion trén cdu trac B-ALO:s.

~ Nhu ta da biét f-ALOs 14 tén goi ctia hop chat c6 cong thirc Na;O.nALOs v6i gid tri n thay
doitr S dén 11 (gia tri pho bién nhat cianla 11).

CAu trac tinh thé cia B-ALO; gdm phan mang anion O~ xép khit theo kiéu A B C (kiéu lap

phuong tim mit) nhung cr 4 16p xép khit 0%~ lai dén mot 16p khong da anion O*~ (xem hinh 31).
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Hinh 31.
Mang ludi tinh thé B-Al,O3



Cation AI’" duoc phan bd trong mot sb hdc bat dién cta 4 16p xép khit O*~ (kiéu bloc spinen)
con cation Na' phan bd trong 16p O*~ khong xép khit. Do d6 cation Na* c6 thé dich chuyén dé
dang trong 16p O”” khong xép khit ndy (16p dan) khi c6 mat dién trudng ngoai hogc khi tiép xic
véi dung dich chira cation la khac (phan ing trao doi cation).

Khi giit B-ALO5 trong mudi nitrat ndng chay (khoang 300°C) ¢6 thé xay ra phan tng trao doi
sau:

Na,0.nALO; + 2M*NO; —== M,0.nAL,O; + 2NaNOs;

pha ran pha nong chay
O dayM' cothé laLi', K, Rb', Ag’, Cu’, Te", NH,", In", Ga"...

5 ) A + 7 A 5 A r. . , LN 7 ’ 7
Phan ting trao doi Na' c6 thé xdy ra doi voi cation c6 dién tich 16n hon, vi du:

Na,0.nALO; + Ca(NO;), —=23C » Ca0.nALO; + 2NaNOs

pha ran néng chay

Thudng phan tng trén dugc tién hanh nhu sau: giir pha ran p-Al,O; trong pha nong chay cia
nitrat natri va nitrat cta cation can trao d6i. Hinh 32 cho biét mtic d6 trao d6i Na* trong B-ALO;
khi giit natri p-AlL O3 trong hdn hop hai nitrat & 300<350°C. Qua hinh 32 ta thiy phan ting trao
do6i cation xdy ra kha dé dang véi Ag’. Trong hdn hop nong chay c6 4 mol AgNO; va 6 mol
NaNO; ¢ khoang 300+350°C, c6 thé trao doi hoan toan Na' trong f-ALOs thanh Ag,0.nAlO:s.
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Hinh 32. .
Can bang phan (ng trao ddi cation trong hén hop
bac hai ciia NaNO3-MNOj natri & 300+-350°C (M la
Ag’, K, Rb", Li")

Phan g trao d6i ion Na' trong B-AL,O; phu thudc chii yéu vao do linh df)ng ctia Na"
trong mang tinh thé p-Al,O3. Noi chung, ¢ khoang 300°C céc cation kim loai kiém kha linh
dong trong nhiéu mang Iudi do d6 d& xay ra phan g trao d6i. Vi du cho Na,Si,Os (silicat c6
cau tric 16p) phan tng vi AgNO; nong chay & 280°C c6 thé thu dugc Ag,Si,Os. Cac phan tng



trao ddi cation nhu vay cé thé st dung dé tong hop nhidu oxit phirc tap nhu titanat, tantanat,
niobat [38].

Mitc d6 chuyén dich cin bang trong cac phan Ung trao d6i nay phu thugc vao dg linh hoat
clia cation trong mang tinh thé pha ran va trong trang thai long cua mudi nong chay. Chung ta c6
thé st dung phuong phap dién hoa sau ddy dé thyc hién phan tng trao doi ion kiéu nay.



