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Tw khod: Soft Chemistry, dién hoa, khir dién hoa.

Tai liéu trong Thu vién dién tuw DH Khoa hoc Tw nhién co thé duwoc sir dung cho muc dich
hoc tdp va nghién ciru cd nhan. Nghiém cam moi hinh thirc sao chép, in an phuc vu cdc

muc dich khac néu khong dwoc sw chap thuan cua nha xuat ban va tdc gia.
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Chuwong 7

CAC PHUONG PHAP DIEN HOA, CAC PHUONG
PHAP HOA HQC MEM (SOFT CHEMISTRY) DE
TONG HQP VAT LIEU

Phuong phap dién hod va phuong phéap hoa hoc mém khong nhirng tong hop duoc loai gbm
thong thuong ma con cho phép tong hop duogc nhiing loai gom c6 cau trac dac biét co6 mirc oxi
hoa bét thuong, trong d6 c6 nhiing loai vat liéu 1an dau tién méi biét.

7.1 Cac phuwong phap dién hoa

O phan trén chiang ta di xét phuong phap dién hoa dé tong hop chit ran méi dua trén co so
mang tinh thé cta hop chit cho trude co cau tric 16p, ciu trac ranh (TiS,, B-ALOs) rdi thuc hién
phan g xam nhép hodc trao d6i ion bang thu thuat dién hod. Dudi day trinh bay phuong phap
khtr dién hoa dé ché tao vat liéu dudi dang don tinh thé va phuong phap dién hoa dé ché tao vat
liéu dudi dang mang mong.

7.1.1 Phuwong phap khir dién hoa

Bang phuong phap khu dién hoa da diéu ché nhiéu chat r‘én moi ¢6 dang don tinh thé dep
khé hoan chinh. Mot s6 chat nho phuong phdp nay méi dugce di€u ché 1an dau tién.

Phuong phép thong thudng 13 dién phan hdn hop mudi néng chay, trong qua trinh dién phan
s& xay ra phan Gmg khtr cac ion kim loai chuyén tiép cho dén mirc oxi hoa thap nhit hoic khir cac
anion oxiaxit photphat thanh photphit; cacbonat thianh cacbua; borat thanh borua. Phan nhiéu viéc
tong hop cac chit ran nay déu dua vao co so kinh nghiém con co ché phan tng xay ra chwa biét
chic chan. Tuy nhién, trén co sé thuc nghiém di xac nhan kha ning to 16n ciia phuong phap nay
va chic chian phuong phap nay c6 trién vong phat trién manh.

Thong thudng hdn hop mudi néng chay gdm borat, photphat, cacbonat, halogenua ctia kim
loai kiém, kiém thd véi oxit.

Hdn hop néng chay dé dugc dung trong chén bang vat liéu tro, vi du khi tong hop oxit thi
ding chén bang corun (a-ALOs), khi tong hop cacbua, sunphua... thi dung chén bang graphit.
Céc dién cuc 1am bang platin hodc graphit. Bang 10 gi6i thiéu mot sé vi du cac san pham cua
viéc tong hop vt liéu bang phuong phap khir dién hoa.



Bang 10.
Mét vai vi du vé phuong phap khir dién hoa trong diéu ché vat liéu [37]
ggﬁ;iﬁg’ San pham kho N'}L%)dg Nhan xét
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7.1.2 Phwong phap dién héa dé ché tao vat liéu dwéi dang mang méng

+ Phuong phap phu am cuc

Nhung kim loai can phil vao dung dich mudi ciia kim loai phi. Kim loai can pht ndi v6i 4m
cuc, kim loai phii ndi voi duong cuc. Hiéu thé giita hai dién cuc s& xay ra qua trinh oxi hoa
duong cuc 1am cho duong cuc bi tan dan vao dung dich dudi dang ion dé chuyén dan sang 4m
cuc, két taa 1én Am cuc dudi dang mot mang mong. Vi du tao mot mang mong béng Ni lén vat
bang Fe thi nhung kim loai Fe va Ni vao dung dich niken sunfat. N4i Fe voi am cuc, Ni voi
duong cuc. Chon cac diéu kién nhu gia tri hiéu the gitra hai cuc, ndong do mudi niken, nhiét do,
thoi gian dé tao mang mong c6 do day mong mudn.

Ciing c6 thé tao 16p phu 1én kim loai ma khong can dién trudng ngoai, vi du phit mot 16p Ni
1én Fe bang cach nhung vat phi vao dung dich mudi niken.

Phuong phap dién hoa c6 thé cho phép phii mot mang mong oxit kim loai 1én bé mat kim
loai nhu Al, Ta, Nb, Ti va Zn. Pay la phuong phéap thong dung dé bao vé kim loai, nhudém mau
cho kim loai. Vi du phu mét 16p ALOs 1én vt liéu bang nhom theo phuong phép dién hoa goi 1a
“andt hoa nhom”. Hinh 33 gidi thiéu so d6 nguyén li dién phan andt hoa nhom.

Céc phan Uing xay ra trong qua trinh an6t hoa nhom:

H,0 — H +OH

anot Al catot

ddich dién phan

Hinh 33.
So d6 nguyén |i dién phan anét hoa nhém



2A1+ 60H™ — 6e—> ALO; + 3H,0 6H' + 6e — 3H,
Trong dung dich dién phan c6 phan tng phan ly ciia nudc
6H,0 = 6H" + 60H”
anion OH™ di vé anot tai andt c6 phan tng:
2Al1 + 60H" - 6e — ALOs; + 3H,O
cation H' vé catdt c6 phan tng:
6H + 6e— 3H,T
Phan tng tong cong:
2A1 + 3H,0 — ALO; + 3H,T + Q
Giai doan dau cta qué trinh dién phan hinh thanh mot 16p mang ALO; dic sit nhung rat
mong (d9 day khoang 0,01 + 0,1 um) chi chiém tir 0,5 + 2% do day toan bg cua 16p oxit. Mang
ALO; dac sit nay gan chdt vao nén nhom kim loai va khong thay doi trong sudt qua trinh anot
hoa. Tiep dé trén nén 16p oxit nhdm co6 cau tao gdom vo s nhirng cdt rong dang to ong voi do day
tr 1 — 500 um (hinh 34). L6p oxit nhdm c6 do rong nay khong bén nén sau khi andt hoa xong
phai qua giai doan xur ly bé mat tiép theo nhu: bit 16, thu dong, nhuém mau, son. Trong do
phuong phap nhuom mau dién hod duoc phat trién manh nhat. Nguyén tdc cua phuong phap
nhuém mau dién hod mang oxit nhom andt hoa la sir dung dong dién xoay chiéu dé khur cac
cation kim loai chuyén tiép nhu Co*", Ni*", Cu*", Sn*", Ag’, Cr’"... tao thanh két tua bit cac 15
xOp lai.

kim loai mau lang két

lé‘p A1203 X6p
16p ALO3 dic sit

Al Al nén

Hinh 34.
CAu tao bé mat cla |&p oxit nhom andt

+ Phuwong phap phun dm cuc
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Hinh 35.
Diéu ché mang méng béng phwong phap phun
am cuc

Dé ché tao mot 16p mang mong bao boc 16p vat liéu nén cé thé dung phuong phap phun 4m
cuc. Pay 1a mot phuong phap vat li. Nguyén tic ctia phuong phap nay dugc trinh bay & hinh 35.
Duong cuc va am cuc duge bd tri trong phong chira khi tro (Ar hoidc Xe) dudi ap suat 10 + 100
Pa. Lap mdt dién ap c& vai kil6von gilta hai dién cyc s€ phong dién am i. Cac ion duong cua khi
khi chuyén dong den am cyc (dich) s€ phén tan va ban pha vao dich 1am nhirng tiéu phan vat chat
ctia dich b bat ra rdi ling xudng boc 1iy cac ban nén dit & duong cuc.

7.2 Phwong phap hoa hoc mém (Soft Chemistry) dé tong hop nhirng pha rin
khong bén

Trong nhiing phan trén da trinh bay phuong phap tong hop cac chat ran khong dung phan
mg truc tiép gitta_hai pha ran ma thuc hién qua mot giai doan trung gian chuan bi tlen chat
(precursor) (nhu dong két tua, dong tao phirc tao thanh hé gel... ) rdi tir tién chit d6 tién hanh
nung dé thu san pham. Bing con duong di qua giai doan trung gian d6 da ha thap duoc nhiét do
phan ng. Phuong phap di qua con duong trung gian nhu vay nhiéu khi tong hop duoc nhitng pha
ran khong bén ma theo phuong phap khac khong thé diéu ché duoc. Thong thudng cac pha trung
gian nhu vay c6 cu tric gidng v6i ciu trac cia pha san pham.

Phuong phép téng hop cac pha trung gian khong bén nhu vay duoc goi 1a phuong phap hoa
hoc mém (tir chir Chimie Douce hodc Soft Chemistry) 1an dau tién do Rouxel va Livage dua vao
thong bao hoa hoc tur gitta nam 1970 [25, 26] dé nhan manh dic tinh coa k¥ thuat thuc nghiém.
Vi du titan oxit ngoai ba dang thu hinh la rutin, anatas va brukit con c6 mot dang nira 1a TiO, (B)
dd dugc Tournoux va cc cong tac vién diéu ché bang cach di qua hop chat trung gian Ko TiOo.
Pha trung gian nay c6 thé tong hop duoc tir hai pha ran 1a KNO; va TiO, ¢ nhiét d6 1000°C trong
48 gio.

2KNO; + 4Ti0, —XC5  K,TisO9 + N2O; + O

(48gi0)



~ Cho thuy phan K,T4O9 trong dung dich axit nitric lodng ¢ nhiét d6 phong s¢ tao thanh san
pham H,TisO9.H,O. H~inh nhu trong bo khungq Ti409 c6 mdt trong chin oxi khong tham gia vao
cac bat dién TiOe va dé dang bi hidroxyl hod dé cho trang thai thuan nghich:

HyTi400.H,0 = H;0.TisO5(OH)

Sau khi loc san pham H,Ti409.H,0, 1am khé trong chan khong roi nhiét phan & 500°C sé& tao
thanh TiO, (B). Pic biét 1a bd khung gdm cac tim TiOo khong bi pha v& ma van giit lai trong
TiO; (B). Ciing giéng nhu cc dang thi hinh khac ciia TiO,, pha TiO, (B) dugc cau tao tir cac bat
di¢n TiO¢ nhung cach ndi cac bat dién d6 voi nhau thi khac véi rutin, anatas, brukit. Béang 11 cho
thiy TiO, (B) c¢6 cdu tric rong nhét.

Bang 11.
Dic tinh cAu tric ctia cac dang thil hinh TiO,

Téngoi | Hétinhthé | Hing s6 mang T.he. tich cda mot don
vi TiO2
Rutin T phuwong | a=4,58 A; c=2,95 A 31,12 A
Anatas | T phwong | a=3,87 A; c=9,49 A 34,01 A
Brukit Truc thoi a=9,16 A; b=5,43 A; c=5,13 A 32,20 A°
TiO2 (B) | Ponta a=12,163 A; b=3735 A. ¢=6,513 A; | 3527 A’
B=107°29’

_ Do ciu trac tuong ddi “rong” cia TiO, (B) cho phép dua vao mang ludi cia nd cation Li
bang phuong phap dién hoa.

Figlarz va cac cong tac vién di tong hop duoc cac dang luc gidc moi cia WOs bang cach di
qua giai doan trung gian tao thanh gel axit volframic. Gel nay dugc tao thanh khi axit hoa nhe
dung dich Na,WO, rdi thyc hién qua trinh ché hoa thity nhiét & 120°C s& thu dugc tinh thé hidrat
3WO;.H,0. Tién hanh 1am khan tinh thé hidrat bang cach dun néng t6i 420°C s& thu dugc pha
moi.
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(a) (b)

Hinh 36.
CAu truc lap phuong ReO; (a) va luc phwong WOs (b)

(CAu trac don ta binh thuong WOj; 1a mot dang sai 1éch cua (a)).

Dang luc phuong ciing nhu dang don ta binh thuong cua WO; deu dugc cu tao tir cac bat
dién WOg ndi véi nhau qua dinh. Tuy nhién dang luc phuong cé cdu tao mé hon dang don ta.



Hinh 36 mé ta cdu tric lap phuong mo ReO; (a) dang don ta WO; cling tuong tu ciu trac lap
phuong nhung c6 bi bién dang it nhiéu. Dang luc phuong WO; (b) cho thiy ciu tao md hon
nhiéu so voi dang don ta.

Phuong phap hoa hoc mém cho phép tong hop dugc nhiéu hop chit chalcogenua kim loai
chuyén tiép véi cong thirc phtrc tap nhur MogSs; MooS11; MoisSeio [27].

Ngb Québc Quyén va cac cong su [28] da s dung phuong phap hoa hoc mém dé tong hop
dugc vat heu dlen cuc ABs véi A 1a kim loai dat hiém, B 14 kim loai chuyén tiép. Tt precursor la
hidroxit Ni*", Co”" va oxalat lantan, bang ki thuat ctia hoa hoc mém céc tac gia da tong hop duoc
loai bdt si€u min c6 cong thuc LaNis; LaNis sCog s, LaNiz g7Mn; 13 dung lam dién cuc tich trir va
trao d6i hidro cho pin dién hoa.



