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Tom tét. Bing phuong phap chuén do dién thé da nghién ctru anh huéng cia dung méi dén kha ning tao
phtec giita ion Ni%*, Co?*, Cu?* véi axit Maleic. Xé4c dinh duoc hang s6 dién ly cua axit Maleic, hang s6 bén
cuia hop chat phirc giita d-ion kim loai va axit Maleic trong H.O va dung méi hdn hop H,0- EtOH khi luc
ion 1 =0,1M, T=298 + 0,1K. Thay rang, gia tri pKi va pK; cta axit Maleic tang 1én khi ting nong d6 phan
mol rugu EtOH trong hdn hop H.0O —EtOH. Hang sé bén ciia hop chét phic ting 1én khi chuyén tir moi
trudng nude sang mdi truong dung mdi hon hop. Kha ning tao phirc bén gitra ion Cu®, Ni** va Co* voi
axit Maleic ting 1én theo chiéu lgBeu> lgPnir>1gBeoL, thoa man day sap xep Irving- Williams. Trén quan
diém nhiét dong, két luan dugc rang yéu té chinh anh huong dén sy chuyén dich can bang cua axit Maleic
cling nhu kha ning tao phuc véi cac ion kim loai nhém d trong dung dich nuéc —~EtOH dugce xac dinh bang
su giam solvat ctia Maleat anion (L%).

Tir khoa: Axit Maleic, H,O — EtOH, Phirc Niken, Phiic Coban, Phirc ddng, Chuan do dién thé

EFFECT OF SOLVENTS TO COORDINATION COMPOUNDS OF d- METAL
IONS WITH ACID MALEIC

Abstract. The effect of aqueous ethanol solvent compositions on the stability of coordination compounds
of copper (1), nickel (1) and cobalt (I1) ions with acid maleic (H,L) was studied by method potentiometric
titration. The first and second dissociation constants of H.L and logarithms of stability constants for
complexes of Cu?*, Ni?*, Co?" with maleat anion have been determined at ionic strength 0,1M at T=298 +
0,1K. The pK values of stepwise H,L dissociation increase with the increase of EtOH content in solution.
Complexes of Cu?*, Ni?* and Co?* ions with maleat anion become stronger in water — ethanol mixtures then
in water solution. In the solvent of the studied compositions, Co?*, Ni?* ions form less stable complexes
than Cu?* ion that corresponds to the Irving-Williams series established for aqueous solutions. The effect
of solvent composition has on the stability of coordination compounds of copper (1), nickel (I1) and cobalt
(11) ions with maleic acid anion (L%) is analyzed using the thermodynamic solvation approach. It is shown
that the main contribution to the shift of the acid-base equilibria of maleic acid and complexes with Cu?*,
Ni?*, Co?* ions in aqueous ethanol comes from the weakening of the solvation of maleat anion (L?).
Keywords: Maleic acid, aqueous ethanol solvent, Cobalt complex, Nickel Complex, Copper Complex,
Potentiometric titration

1. GIGI THIEU

Phirc chat cua ion kim loai dugc xem 1a mot trong nhitng phan wng ndi bat nhat trong tw nhién [1-3]. Viéc
nghién ctru vé trang thai, xac dinh chinh xé&c céc gid tri hang sé dién ly ciing nhu hang s6 bén 1a vo cuing
can thiét va co ban dé hiéu duoc ban chét cac phdi tir va tuong tac cua chling véi cac ion kim loai trong
dung dich nudc, ciing nhu hiéu dugc co ché tac dong cuia céc hop chét ¢d hoat tinh sinh hoc Ién cac qua
trinh Xay ra trong co thé séng vi hau hét cac phan tng trong co thé Xay ra trong mdi truong long.

Trong nghién ciru trude, ching t6i da cong bd nhitng két qua vé anh huéng cia ndng d6 ruou EtOH 1én kha
ning tao phuc cta ion kim loai Cu?* véi axit Succinic. G nghién ciu nay ching toi tlep tuc mo rong huong
nghién ctru sy tao thanh hop chat phuc cua kim loai hoa tri 11 (Cu, Ni, Co) véi phdi tir 14 axit Maleic. Cac
ion kim loai Cu®*, Ni**, Co** dugc biét dén nhu 1a nhiing nguyén t6 vi lugng quan trong, mot lugng nho
cuia chuing 1a can thiét cho hoat dong binh thuong cua co thé séng, chiing tham gia vao nhiéu qua trinh sinh
héa quan trong [4]. Con axit Maleic (CaHsO4 — viét tat H,L) 1a mot phan khong thé thiéu cua nhiéu ché
pham thubc va m§ pham [5].
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Céc nghién ciu vé kha ning dién ly cua axit Maleic, ciing nhu sy tao phirc véi ion kim loai héa tri 11 trong
mdi truong nude di dugc cong b rat nhiéu [6-11]. Tuy nhién sb lugng céc nghién ctru trong méi trudng
dung mai hitu co con bi han ché va khong day du, dic biét da phan cac nghién ciru duoc cong bd chwa dua
ra duoc nhitng giai thich vé anh huong cua dung moi 1én kha ning dién ly ciing nhu 14 kha ning tao phuc
vei cac kim loai khi thay d6i moi trudng dung mdi. Chinh vi vay, trong nghién cau nay chling toi thiét lap
su phu thudc caa hang sé dién moéi (g) Véi gia tri PKi( hodc 1gBi) va quan diém nhiét dong cua qué trinh
solvat [12-14] d¢ giai thich sy su thay d6i cua hang sb dién ly cia axit Maleic ciing nhu su tao phuc cua
anion Maleat véi cac ion kim loai nhoém d (Ni, Co, Cu) khi chuyén tir méi truong nudc sang moi truong
dung mdi hiru co. Véi két qua ma nghién ciru nay thu duoc vé cac dic trung nhiét dong cua qua trinh dién
ly axit Maleic, su tao phuc véi cac ion kim loai Cu?*. Ni* va Co* khi chuyén tir mdi truong nuée sang
mdi trudng nudc-EtOH, xay dyng quy luat bién thién céc théng sé nhiét dong theo ndng do phan mol cua
dung mdi hiru co s& c6 ¥ nghia 16n trong viéc xay dung nén tang co sé ly thuyét dé hiéu duoc co ché hoat
dong cua cac hop chit c6 hoat tinh sinh hoc, co s¢ cho viéc phat trién cac ché pham thudc méi, lya chon
dung mdi - nhu mot phuong tién dé kiém soat qua trinh.

2. HOA CHAT VA PHUONG PHAP

2.1. Hoa chat

Trong nghién ctu ndy, cac hda chét duoc str dung bao gom: Axit Maleic (C4HsO4), axit percloric (HCIO,),
Natri perclorat (NaClO4), Natri Hydroxit (NaOH), Etanol.

Axit Maleic (chtra thanh phan chinh >99%, Trung Quéc), trudc khi sir dung duoc tinh ché lai bang phuong
phap két tinh tir dung dich nude. D6 tinh khiét cua san pham dat 99,3% vé khdi lugng va duoc xac dinh
bang phuong phap chuan do dién thé. Mudi Natri perclorat (sach, Trung Qudc) duoc két tinh lai va say kho
& nhiét do 90°C cho dén khi khéi lwong khong doi. Natri hydroxit (sach), nong do NaOH duogc xac dinh
bang dung dich chuan 0,1M HCI véi chét chi thi 1a metyl da cam. Axit pecloric (tinh khiét, Nga) st dung
truc tiép khong kém theo 1am sach lan hai. Nong do cua Axit pecloric duoc xac dinh bang phuong phap
chuin do voi chat chudn 13 Borat va chét chi thi metyl da cam. Ruou etylic (con tuyét ddi >99%) duoc
chung cét lai va kiém tra ham luong nudc theo phuong phap dung thudc thir Fise [15]. Ham lugng nudc
sau chung ct 0,4%.

Céc dung dich sir dung trong thuc nghiém duoc pha bang nuéc cat hai lan.

2.2. Phwong phap thyc nghiém

Dé xac dinh hang sé dién ly cua axit Maleic trong dung dich nuéc va dung méi hdn hop (nudc — EtOH)
ching téi sir dung phucmg phap chuin d6 dién thé. Pay dugc xem nhu 13 mot phuong phap don gian, cho
phép x4c dinh nhanh va chinh xac véi sy thay doi lién tuc cua nong do céc chat tham gia va san pham phan
ing. Uu diém cua phuong phap 1a cho phép khao sat cac dung dich lodng va c6 mau, xac dinh hang s6 can
bang ctia mot vai phan ng, tién hanh song song trong ciing mot dung dich. Co s& ctia phuong phap chuan
d6 dién thé 1a do dién thé giita hai dién cuc (dién cuc so sanh va dién cyc chi thi). Trong dé dién cuc so
s&nh sir dung dién cuc thay tinh hiéu ELS -63-07, con dién cuc chi thi - dién cuc Bac-Bac Clorua hiéu
EVL-1M3.

Dién cuc thuy tinh dugc hiéu chinh bang cac dung dich dém véi pH = 1,65 + 6,68 va dung dich chuén axit
Percloric HCIO4 (pH = 1+4). Gia tri sic dién dong (EMF) thu dugc cua cac dung dich dugc xir ly bang
phuong phap binh phuong nhé nhét. Xéac dinh dugc sirc dién dong tiéu chuan cua dién cuc (E%) voi hé s6

goc phuong trinh Nerst (tga = %). Stre dién dong cua hé nghién ctiru dugc xac dinh theo so do sau:
n

bién cuc thuay tinh|| 0.1M(NaClOs), HzL, S - H20]0.1M(LiCl) (KClw), S - H20|| AgCI(r), Ag

Tuong tu, sire dién dong qud trinh tao phuc gitra d-ion kim loai véi axit Maleic duoc bidu dién theo so dd
sau:

bién cuc thuay tinh [|0.1LM(NaClO4), ML, S - H20|0.1M(LiCl) (KClw.), S - H20|| AgCI(r), Ag

Trong d6: S — dung mdi hitu co, HoL — axit Maleic, M - Cu, Ni, Co.

Dung dich mau dugc chuan bi bang cach can cac lwong chinh xac axit Maleic, Niken peclorat (hoic Coban/
ddng) cho vao binh dinh mirc 50mL, sau d6 thém vao lugng Natri peclorat (0,1M) va dinh mirc bang dung
dich H,0- EtOH lan luot theo cac nong d6 phan mol yewon tir 0,1 dén 0,7. Mudi Natri peclorat duoc thém
vao nham muyc dich 6n dinh lyc ion cua dung dich (1=0,1) trong sudt qua trinh lam thyc nghigm.
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Chuan d6 dién thé duoc tién hanh véi ty 1é M?*: HoL = 1:1(M?*= Ni, Co, Cu), ndng d6 ban dau cia dung
dich 12 0,01M. Duing pipet lay 20mL dung dich mau cho vao cbc didu nhiét thé tich 50mL va chuan do bang
NaOH. Gia tri sirc dién dong dugc ghi nhan lai sau mdi 1an thém chét chuan NaOH bing Milivon ké pH-
150. Nhiét d6 trong coc dugc duy tri va on dinh véi d6 chinh xac 0,1K bang bo diéu nhiét UT-2.

Xt ly toan hoc cac dit liéu thu dugc trong qua trinh chuan do6 dién thé bang chuong trinh pHMETR. Day 1a
chuong trinh dugc thiét ké dé tinh toan (hoic dy doan) hang sé can bang cua qua trinh dién ly axit-bazo,
qua trinh tao phuc v.v. dya trén sé lugng phuong trinh can bang va gia tri hang s6 cta n6 duoc dua vao.

3. KET QUA VA BAN LUAN

Céc can bang c6 thé xay ra trong hé gdm axit Maleic (H2L), Mudi peclorat M(CIO.), caa ion kim loai nhém
d (M= Cu, Ni,Co)Natri Perclorat (NaClO), dung méi H,O — EtOH dugc thé hién nhu sau

HoL H* + HL- (1)
HL < H' + L* 2
M 2*+ HL" < MHL* 3
M?* + L* < ML 4
M?* + OH" < MOH* (5)
Na* + L% < NaL- (6)
H,O < H* + OH (7

Nong do H* dién ly trong dung dich hdn hop nudc - EtOH dugc xac dinh bang phuong phép chuan do dién
tai nhiét 6 T= 298K, lyc ion I = 0,1M (NaClOj). Nong d6 phan mol cua ruou etylic thay doi 1an luot 14 0;
0,1; 0,3; 0,5 va 0,7. Két qua dix liéu suat dién dong thu duoc tir thuc nghiém dugc xir ly todn hoc bang
chuong trinh pHMETR. Bé tinh dugc hang sé dién ly cua axit Maleic ta gia sir trong hé xay ra cac can bang
(1),(2), (6) va (7). Trong can bang (6) kha nang tao thanh hop chét phuc giita ion Na* va L% da duoc tac
gia [16] xéc dinh tai diéu kién T=298 + 0,1K va 1= 0,25. Gia tri hang sb bén ciia NaL" duoc ching tdi tinh
toan lai véi | = 0,1M, T=298K theo tai liéu [17] 1a IgNaL-= 0,73. Can bang (7) vé kha ning dién ly cua
nudc trong mdi trudng dung mdi hdn hop nude —EtOH ciing dugc tinh toan vé gia tri 1 =0,1M [18,19].
Sy tao thanh céc ion (HL", L%, H,L) trong can bang axit — bazo cua qua trinh dién ly axit Maleic trong dung
moi hdn hop H,0 — EtOH Véi yeon = 0,1 phu thudc vao pH duoc thé hién ¢ hinh 1.
Tur hinh 1 thay dugc ring cac phan tar khéng dién ly (HL) giam dan theo chiéu tang cua gia tri pH va dat
gia tri nho nhét ¢ tai pH = 4,3. Tai pH = 4,5 ¢6 su xuit hién cta cac ion L2 va NaL". Cung véi su ting dan
cuia pH thi % cua cac ion ciing tang dan va dat 55% ddi véi L? va 33% - NaL™ ¢ cubi phan tng. lon HL-
tai pH ~4,5 12 96%.
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Hinh 1. Gian d6 can bang ciia axit Maleic trong mi truong H20 — EtOH vai phan mol yEtOH = 0,1:1-
ion L%, 2-ion NaL", 3-ion HL", 4- phan t& HoL.

Gi4 tri pK; va pK; cua axit Succnic trong mdi truong dung méi nudc-EtOH duoc trinh bay ¢ bang s6
liéu 1.
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Bang 1. Gid tri hang s6 dién ly pKy va pK» ctia axit Maleic trong dung méi nuréc va dung méi hon hop

H,0 - EtOH
XEtOH, HoL
Phan mol pK1 pK>

0 1.76+0.04 5.78+0.04
0.1 1.80+0.04 5.90+0.06
0.3 1.83+0.08 6.53+0.07
0.4 1.96+0.04 7.50+0.06
0.5 2.20+0.07 7.89+0.07
0.7 2.44+0.08 8.38+0.10

Tir bang 1 thay rang, cac gia tri hang s6 pKi va pK cua axit Maleic tai | = 0,1M (NaClOj) trong mdi truong
nude thu dugc tir thue nghiém hoan toan pha hop vai két qua cua cac tac gia [19-22]. Su chénh léch gia tri
pK1 va pK; khoang 4 don vi, diéu do6 cho thay axit Maleic dién ly theo nac tha nhat dé hon so véi dién ly
theo nac thir 2. Nguyén nhan khac biét su dién ly cua axit Maleic 1 do vi trf gan nhau caa hai nhém
Cacboxyl (COOH). Axit Maleic c6 xu huéng tao lién két Hydro noi phan tir giira hai nhém -COOH. Chinh
diéu nay 1am cho sy phan ly theo nac tha 2 giam xudng. Tir ‘bang 1 ciing nhén thdy dugc rang khi chuyén
tar moi truong dung moi la nuéce sang moi truong dung moi hén hop, ting nong do phan mol cua ruou etylic
trong hdn hop dung méi tir 0,1 dén 0,7 nhan thay su tang 1én déu dan cua ca hai nac dién ly cua axit Maleic.
Hay ndi mét cach khac, cang ting nong do phan mol EtOH thi kha ning dién ly cua axit giam xuéng.

Sy thay ddi tinh axit-bazo cua axit Maleic khi ting nong do phan mol cua rugu etylic trong hon hop
dung mdi c6 the dugc giai thich trén quan dién cua thuyet Bronsted —Lowry [20]. Theo thuyét nay thi cac
axit trung hoa vé dién tich, gia tri hang sé dién ly pK can phai taing dan mot cach tuyén tinh cung véi su
giam xudng cua hang sb dién mdi (g).

Hinh 2. thé hién su phu thudc gia tri hang sb dién ly pK; va pK cua axit Maleic vao gia tri hang sé
dién mdi. Gia tri hang sb dién moi véi cac nong d6 phan mol khac nhau caa ruou etylic duoc sir dung trong
nghién ctu [21].

4
2
2 e a0
1 2 3

Hinh 2. Sy phu thudc hiang sé dién ly pKi, pK ciia axit Maleic vao gié tri hing sé dién mdi cua dung dich

H,0 — EtOH: 1- pKj; 2-pK1
Tir hinh 2 ¢6 thé thay réng, gi tri hang s6 pKi phu thudc tuyén tinh theo duong thang véi nghich dao gia
tri hang so di¢n moi (1/¢), con pKz thi khong. Nhu vay, su thay doi gia tri dién moi khi tang nong d6 phan
mol rugu etylic trong hdn hop dung mdi H,0 — etylic khdng phai la yéu t6 duy nhat anh hudng dén kha
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nang dién ly caa axit Maleic. Nhan dinh nay ciing hoan toan pha vai két qua thu dugc trong céc nghién cau
[22].
Dé tinh toan dugc hing sé bén cua phirc chit, ching tdi sir dung thém cac can bang (3), (4) va (5). Hing sé
thay phan trong dung dich nuéc cua ion Cu?*, Ni2* va Co?* lan luot 1a pK CUOH* = 7,72; pKNiOH* = 8,94;
pKCoOH* = 9,83 [23]. Péi véi mdi truang dung méi hdn hop H,0 — EtOH khong tim thdy nghién ciu nao.
Phan tich dix liéu tinh toan cho thiy rang, trong hé duoc nghién ciu d- ion kim loai va axit Maleic, két qua
cho tét nhat khi gia st rang chi tao thanh duy nhat san pham phic c6 thanh phan ML dbi véi tat ca cac nong
d6 cua ruou etylic tir 0,1 dén 0,7 trong hdn hop dung méi.
Sy tao thanh hop chat phuc ¢ cdng thirc ML ting 1én theo chiéu tang cua pH va dat duoc gid tri toi da 50%
& cudi thuc nghiém. Trong ca 3 truong hop tao phuc giita ion Cu?, Ni2*, Co®* véi axit Maleic thi mat do
cac phan tir MHL* dat duoc tdi da 5% va quéa nho dé xac dinh dugc hang sb bén cuaa ching.

Két qua tinh todn hang sé bén cua phirc Maleat Cu?*, NiZ* va Co?* duoc thé hién ¢ bang 2.

Bang 2. Gié tri hing sb IgB cua cac phirc chit CuL, NiL va CoL trong méi trudng dung méi nude va dung
mai hon hop H,0 - EtOH

XEtoH, 1gp

MOJI.]I. CuL NiL CoL
0 3.86+0.06 2.83+0.06 2.07+£0.04

3.80+0.09 [20] 2.76+0.07 [20] 2.11+0.11]20]

0.1 4.36+0.04 3.12+0.05 2.49+0.04
0.3 5.47+0.06 3.37+0.05 3.07+0.06
0.4 5.65+0.06 3.47+0.04 3.36+0.04
0.5 6.50+0.04 3.76+0.05 3.63+0.08
0.7 6.62+0.04 4.50+0.08 3.85+0.05

Két qua dugc tinh toan trén phan mém “PHMETR” va c6 su gia dinh can bang (6) xay ra trong h¢ duoc
nghién ciu. Tir bang 2 thiy rang, trong méi trudng H20 (xeion = 0) gid tri hing sb bén l9Bcut, 19BniL , 19BcoL
cua phtrc gitta ion Cu?* , Ni%*, Co?* v¢i axit Maleic thu duoc tir thuc ngiém phu hop voi két qua trong céc
nghién ctru [24]. Piéu nay lam ting do tin cay cho cac két qua thu dugc khi chuyén tir méi truong nudc
sang moi trudng hdn hop H.0 — EtOH. Su giam hing s6 dién mdi caa dung méi tuong (ng vai Sy ting cua
hang sé bén cua hop chat phirc. Cho nén hang s bén cua phuc s& giam theo chiéu dung méi EtOH (e
=24.30) > H,0 (¢ =81.0). That vay, trong méi truong nudc, ion Cu?* tao dugc phirc bén véi axit Maleic hon
céc ion Ni* va Co** (Zn?" < Cu** > Ni?*> Co*"), két qua ndy hoan toan phi hgp vei day sap xép Irving-
Williams [25]. Khi ting ndng d6 phan mol EtOH tir 0,1 dén 0,7 trong hén hop dung méi H20 — EtOH cac
gia tri IgBmL cao hon gia tri 1gBmL trong moi trudng nudc va van ding theo sap xép ctia day Irving- Williams.
Téc gia cua c4c nghién ctru [26-29] ciing thu duoc quy luat twong tu khi tién hanh nghién ctiu su tao phic
cua ion Cu(ll), Ni(Il) véi axit axetic, axit aminoaxetic trong moéi treong H-O — dung mdi hitu co.

Su phu thugc hang sé bén ciia phic maleat Cu(ll), Ni(I1) va Co(1l) vao hang sé dién méi dung dich H,0 —
EtOH duoc thé hién trong hinh 3.

T hinh 3 cho thay su phu thudc tuyén tinh khong hoan toan cua I9BmL vao (1/¢) khi tang ndng do phan mol
rugu etylic trong hdn hop dung mdi H.O- EtOH. Xuit hién cac d1em udn tai cac ndng do phan mol cua
ruou etylic tir yEtOH = 0.4 dén yEtOH = 0.5. Nhu vay, gia tri hang sé dién méi cia dung mdi khdng phai
1a yéu t6 duy nhat quyét dinh tinh axit bazo cia Maleic ciing nhu d6 bén cua phuc caa d-ion kim loai véi
axit Maleic. Diéu d6 cho phép gia thiét rang, su ting thém ndng d6 cia dung méi hitu co trong dung dich
lam thay ddi trang thai ctia c4c phan tir tham gia trong qué trinh dién ly ciia axit Maleic ciing nhur qua trinh
tao hop chat phuec.

Mot giai thich khac cho anh huéng cia dung mdi I8n su thay ddi tinh bén cua hop chét phic gitra axit
Maleic va d-ion kim loai (Cu?*, Ni?*, Co?") trong dung dich hon hgp nuéc — EtOH la xem xét anh hudng
cua sy solvat 1&n céc thong sé nhiét dong.
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1 19BMmL

(1/£).1072

1.6 2.0 2.4 2.8 3.2
Hinh 3. Su phu thugc hang sb 1g hop chat phirc Maleat cua céc ion Cu?*, Ni2* vao hang s dién mdi cua dung dich
H,0- EtOH: 1- CuL, 2- NiL, 3- CoL.

Khong c6 nghién ctiu nao vé xac dinh gia tri bién thién nang luong Gibbs cua anion L khi chuyén tir mdi
truong nudce sang moi trudng dung moi hdn hop H.0- EtOH. Mat khéc viéc xac dinh cac gia tri AyGO(L%)
bang phuong phap hoa tan khong thé thuc hién duoc do kha ning tan tét cua axit Maleic trong nudc va cac
dung mdi hiru co. Chinh vi vay dé danh gia anh huong caa cac phan tir tham gia qué trinh tao phic khi bi
solvat khi chuyén tir méi truong nudc sang méi trudng nudc — EtOH theo phuong trinh sau:
AtrGO = [AtrGO(M L) - AtrGO (LZ)] - AtrGO(M2+)

Déi véi hé Cobalt — axit Maleic viéc danh gia khong thé thuc hién duoc do thiéu cac dir liéu vé gia tri bién
thién ning luong Gibbs cua ion kim loai Co?* khi chuyén tir méi trudng nude sang méi trudng nudc —
EtOH.
Gia tri bién thién nang luong Gibbs cua cua qué trinh tao phirc gitta ion Cu?*, Ni%* vai axit Maleic va solvat
cuia cac phan tir tham gia khi chuyén tir méi truong nude sang méi truong dung mdi hdn hop duoc trinh
bay ¢ bang 3. ) ‘

Bang 3. Bién thién nang luong Gibbs cua cic phan ti tham gia tao phirc trong méi truong H.O- EtOH

Xeion, phan mol | 01 [ 03] 04 | 05 | 07
Cu* +L%* « CuL
AvG/° -2.85 | -9.19 | -10.21 | -15.07 | -15.75
AsG°(Cu?) [30] 1.3 25 2.9 38 6.6
AvGO[(CuL)-AGO(L?)] -155 | 6.69 | -7.31 | -11.27 | -9.15
Ni2* + L < NiL
AvGY -165 | -3.08| -3.65 | -5.31 | -9.53
AsGO(Ni?) [31] 2.2 1.2 -6 -8.6 -
AGO[(NIL)-A:GO(L?)] 054 | -428 | -9.65 | -13.90 -
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Hinh 4. Dic trung nhiét dong cua phan ung tao phirc cua ion Cu?*, Ni%* véi maleat anion (L%) khi chuyén tir moi
truong H20 sang moi trudng dung moi hdn hgp H20 — EtOH: 1- AyG° (Cu?*); 2- AxG,° phan ting tao phirc CuL;3-
AsGO[(CUL) - AgG® (L2)]; 4- AuG® (Ni?*);5- AuGP[(NiL) - AxG® (L?)]; 6- AvG:° phan ting tao phic NiL.

Tir hinh 4 thy rang khi tang ndng do phan mol rugu etylic trong hon hop dung mdi thi gié tri bién thién
nang lugng Gibb (AxG®%) ctia phéan tng tao phirc gitra ion Cu?* va axit Maleic cang am (duong s6 2). Tuc
1a hop chét phirc ¢ thanh phan CuL tao ra cang nhiéu va cang bén hon khi ting nong do phan mol EtOH.
Gia tri bién thién nang lugng Gibbs cua ion Cu*" mang gia tri duong va cang tang khi chuyen tir ndng do
phan mol rugu etylic tr 0,1 dén 0,7 trong hdn hop dung méi (duong s6 1), diéu d6 cho thay su giam solvat
cuia ion Cu?* trong hon hop dung méi khi ting nong d6 phan mol cua ruou etylic.
O nghién ctru trude, khi phén tich cac dir liéu nhiét dong quéa trinh solvat cua cac phan tir tham gia tao hop
chat phuc gitra ion Cu?* va succinat anion, ching t0i da két luan ring gia tri bién thién ning lwong Gibbs
cua phic CuY (Y?Z succinat anion) triét tiéu gan nhu hoan toan véi céc gia tri AxG®(Cu?*) ctia ion trung
tam. Vay nén, trong hé d- ion Cu?*- axit maleic c6 thé dwa ra két luan twong tu rang gia tri bién thién ning
lugng Gibbs cua phuc AxG°(CuL) va ion trung tdm A«G°(Cu?*) trong dung mdi H.O- EtOH triét tiéu cho
nhau, con gia tri a A«G,° ciia phan g tao thanh phirc giita ion Cu?* va axit Maleic xap xi voi higu sb
(AuG°[(CuL) - AxG® (L2 )]) (duong so 3) khi ¢ trang thai solvat.
Khi ting ndng do phan mol cua EtOH tir 0.1 dén 0.7 trong hdn hop dung méi vin thu dugc két qua tuong
tu (hinh 4).
Nhu vay c6 thé thiy rang, su ting gia tri &m cua bién thién ning lwong Gibbs cia phan ng tao phuc gitra
ion kim loai Cu?* va axit Maleic véi su ting nong do phan mol ciia EtOH trong hdn hop dung méi H.O-
EtOH xay ra dya trén sy giam Solvat caa phdi tur (ion L?).
Dbi vai hé tao hop chét phirc gitra ion Ni?* va axit maleic (duong sb 4,5,6). Nhan thay rang, khi nong do
phan mol EtOH ygon = 0.1, Xuat hién dlem cuc dai cua gia tri bién thién nang luong Gibbs cua ion Ni*
(4«G° (Ni?*). Khac véi ion Cu?*, khi tang nong d6 phan mol EtOH tir 0.3 dén 0.5 gia tri A«G° (Ni?*) cang
am (duong s6 4). C6 nghia 12 sy solvat dién ra cang manh. Diéu nay c6 thé giai thich 1a do su khac nhau
c4u truc caa ion Cu®* va ion Ni?* khi bi solvat. Trong dung dich nuéc — EtOH, su tuong tdc manh giita cac
phdi tir, dung méi vai ion Cu?* 1am giam tinh dbi xng cta cau tric bét dién hon so véi trudng hop cia ion
Ni2* [32]. Tuwong tu nhu hé Cu?* - axit maleic, nhan thay rang, gia tri bién thién ning luong Gibbs cua phan
{rng tao hop chit phac NiL ciing mang gia tri 4m va cang ting 18n (theo gia tri tuyét ddi) khi ting ndng do
phan mol EtOH tir 0.1 dén 0.7 trong dung dich.
Qua su phan tich hai hé thyc nghiém Cu?*, Ni%* - maleat anion c6 thé thdy rang trong tit ca cac nong do
phan mol EtOH tir 0.1 dén 0.7 luén thu duoc hé thuc:

‘ [AGGP(L?)] > |AdG(ML) — AuGY(M?)] 1 [AvG*(L?)] > [AG
biéu nay co nghia la khi tang nong d6 phan mol EtOH trong dung dich H,O — EtOH thi su tao phuc gita
d-ion kim loai v&i maleat anion c6 thanh phan ML (M= Cu, Ni, Co) cang bén hon 1a do sy giam solvat cua
maleat anion (L%).
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4. KET LUAN

Khi tang ndng d6 phan mol EtOH trong dung dich tir 0.1 dén 0.7 thi kha nang dién ly cua axit Maleic cang
giam (téng gid tri pKi) va gia tri lgp cac hop chat phtre tang 1€n theo day lgBcu> 1gBni>1gBcoL. Chirng minh
dugc rang, hang s6 dién moi khdng phai la yéu t6 chinh anh huong den su tang d6 bén cua phirc chit. Ciing
nhu két qua phén tich cac dic trung nhiét dong, cho phép két luan rang, su tao hop chat phirc c6 thanh phan
ML giira ion Cu?*, Ni?* va Co?* v&i maleat anion it phu thudc vao ban chét caa ion tao phic, ma phu thudc
vao dic trung nhiét dong caa phdi tir khi chuyén tir méi truong H,O sang méi trudng dung mdi khéc.
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