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Tém tit. Bién thién ning lugng Gibbs (AGtr(H,L)) ciia axit Succinic chuyén tir moi trudng nudc sang
mbi truong dung mdi hdn hop nude — ethanol duge xac dinh bang phuwong phap hoa tan. Nong do phan
mol ctia ethanol (EtOH) trong dung dich thay dbi tir 0+ 0,7. Két qua cho thy rang, bién thién ning luong
Gibbs cua axit Succinic mang gi4 tri am va ting dan 1én khi chuyén tir méi truong nudc sang moi trudng
dung moi hdn hop nude —ethanol. Mit khac, bang phuong phap chuan d6 dién thé ciing da xac dinh duoc
hing sé can bang cia axit Succinic trong mdi truong nudc — EtOH véi luc ion I=0,1M diéu chinh béing
dung dich NaClO, ¢ nhiét d6 T=298.15K. Nhan thay rang, khi ting ndng d6 phan mol EtOH trong dung
dich, gia tri pK,; va pK, cua axit Succinic tang 1én. Trén co so nhiét dong qua trinh solvat [1], ching t6i
da tién hanh phan tich anh huong thanh phan ciia dung moi 1én tinh axit — bazo ciia axit Succinic. Két
qua chi ra rang, yéu t6 chinh anh huéng dén sy chuyén dich can bang ciia axit succinic trong dung méi
hdn hop nude — rugu duoc xac dinh br?mg su giam solvat ctia anion succinic (Lz').

Tir khéa. axit succinic, dung moéi nudc- ethanol, sy bién thién nang lugng Gibbs (AG,,).

GIBBS FREE ENERGY OF SUCCINIC ACID IN
MIXED AQUEOUS ORGANIC SOLVENT (H20 -ETOH)

Abstract. This article discusses the effect of solvent on the Gibbs energies of transferring succinic acid
from water to ethanol solution. The Gibbs energies of transferring succinic acid in H,O — EtOH are
determined according to solubility. The content of ethanol in mixed solvent was 0.0; 0.1; 0.3; 0.5 and
0.7 mole fraction. The results show that the AtrG® value of succinic acid take negative value and increase
with increasing ethanol concentration in mixed solvent. The first and second dissociation constants of
succinic acid have been determined by potentiometric titration at ionic strength of 0,IM NaClO, at
298.15K. Universal interpretation of the changes acid —base properties of succinic acid in mixed solvent
is the application of solvation approach. It is shown that, the main contribution to the shift of the acid —
base equilibria of succinic acid in water —ethanol mixed solvent comes from weakening of the solvation
of deprotonated form succinic acid.
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1. GIOI THIEU

Dung mdi dugc xem nhu 1a mét cong cu kiém soat cac qua trinh hoa hoc phirc tap xay ra trong thuc
té khi giai quyét cac van dé lién quan dén y hoc, diéu ché cic ché pham thudc. Trong nghién ciru nay,
ching t6i chon axit Succinic hay con duogc biét dén voi tén goi axit hd phach co cong thirc héa hoc la
C;HsO4 (H,L). Pay 1a axit quan trong, dugc Gng dung nhiéu trong y hoc nhu didu ché thudc nho hoat
tinh sinh cao [2,3], trong cong nghiép ché bién thuc pham, nhu 1a chat phy gia dé ting thoi gian bao quan
thirc an, hay 1a trong nong nghiép: kich thich sy ting trudng cia cdy trong v.v.

Trong dung dich axit succinic dién ly theo hai nac theo phuong trinh sau:

H,L & H'+HL pK, (1)
HL —H'+L* pK, ()

Hing s dién ly cua axit succinic trong mdi trudng nude di duoc cong bd trong cac nghién ciru cia
tac gia [4-7], con trong moi truong dung moi hon hop nuée — dung méi htru co co thé ké dén cac nghién
clru cuia tac gia [8,9]. Trén co s& két qua thu dugc, nhan thay ring, gia tri hang sé dién ly pK, va pK, cua
axit succinic tang 1én khi chuyén tir méi truong nude sang moi trudng dung moi hon hop. Gia tri pK; va
pK, clia axit succinic xap xi nhau. Ngoai ra, trong nghién ctru [8], su ting 1én ndng do phan mol cta
ethanol tir 0 = 0.37 trong dung dich hdn hop nudc- ethanol thi gia tri pK, ting tir 4.26 dén 5.39, con pK,
tang tir 5.59 dén 7.59. Két qua thu duoc twong ty khi tién hanh trong méi truong nudc — methanol, nudc
-dioxan cua tac gia [9].

Theo thuyét Bronsted — Lowry [10], gia tri hang s6 dién ly (pK) ctia axit khong mang dién tich phu
thudc tuyén tinh cung voi sy giam xudng cua hang s6 dién méi (). Tuy nhién su phu thudc khong tuyén
tinh gia tri hiang s dién ly cua axit succinic vao thanh phan cta dung méi hitu co (ethanol, methanol,
DMSO) cho thiy rang, su thay doi gia tri dién moi ciia dung méi khong phai 1a yéu t6 duy nhat anh
huéng dén kha ning dién ly cua axit [9,11]. Két qua thu dugc twong tu khi tién hanh nghién ciru anh
hudng cia dung moi 1én qua trinh dién ly proton cia axit Maleic.

Vi vdy trong nghién ctru ndy chung t6i xem xét sy chuyén dich can bing axit-bazo cua axit succinic
trén quan diém nhiét dong ciia qua trinh solvat. Dé giai thich sy thay ddi hing sé dién ly ctia axit succinic
trong dung dich nudc — dung méi hitu co can phai biét dwoc gia tri bién thién nang lugng Gibbs qua trinh
solvat cuia cac tac chat (H', L*, HL", H,L). Su bién thién niang lugng Gibbs cia ion H' (A,G°(H")) trong
dung méi nudc- ethanol di dugc nghién ctru [12,13]. Tuy nhién, hién nay chua cé céng bd nao nghién
ctru sy bién thién niang lwong Gibbs cua axit succinic khi chuyén tir méi trudng nudc sang moi truong
nudce- ethanol.

2. HOA CHAT VA PHUONG PHAP
2.1. Hoa chit

Trong nghién ctru nay, cac héa chit duoc sir dung bao gdm: Acid succinic (C4HgO4), aicd percloric
(HCIOy), Natri perclorat (NaClOy), Natri Hydroxit (NaOH), Ruogu etylic.

Str dung nude cat 2 1an dé pha dung dich. Axit Succinic dugc tinh ché lai 1an hai bang phuong phap
két tinh lai tir dung dich nuéc. Do tinh khiét ciia san pham dat 99,7% vé khoi luong va duge xdc dinh
bang phuong phap chuan d¢ dién thé. Mudi Natri Perclorat duoc két tinh lai va sdy kho & nhiét do 90°C
cho dén khi khéi luong khong dbi. Natri Hydroxit — NaOH (tinh khiét), ham lwong Cacbonat duoc kiém
tra bang phurong phap chuan d6 voi hai chat chi thi Phenolphtalein va Methyl cam [14]. Nong d6 NaOH
dugc xac dinh bang Kali bphthalate (KHP). Axit pecloric ( tinh khiét) str dung truc tiép khong kém theo
lam sach lan hai. Nong d6 ciia Axit Percloric duoc xac dinh bang phuong phap chuan d6 véi chat chuan
1a Borat. Rugu etylic dugc chung cét lai theo phuong phap [15].

2.2. Phuwong phap thuc nghiém

Su bién thién ning luong Gibbs cua axit Succinic khi chuyén tir nuée sang moi truong dung dich
nudc- ethanol dugc xac dinh bang phuong phap hoa tan. Thuc nghiém dugc tién hanh nhu sau: trong
binh cau 100ml hoa tan 6g (12g) axit succinic vdi 45g nude (nudc — ethanol) cho dén khi tao dugc dung
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dich bdo hoa. Dung dich thu duoc duoc khudy nhe nhang trong vong 2h. Sau d6 dé yén & nhiét ¢6 phong
khong d6i (~25°C) trong vong 3 ngay. Liy 1ml bang pipet dung dich thu dugc cho vao binh dinh mirc
25ml, thém nudc cit (hodc hén hop dung mdi nude — ruou) dén vach dinh muc. Bé xac dinh néng do
cuia axit succinic cua cac dung dich thu duoc, tién hanh chuan d6 bang NaOH 0.1M. Dung dich nudc —
ethanol dugc str dung trong nghién ctru véi nong d6 phan mol ciia ethanol thay doi tir 0 dén 0.7.

Pé xac dinh hing s dién ly cua axit Succinic trong dung dich nudc va dung méi hdn hop (nude —
EtOH) chung t6i str dung phuong phap chudn do dién thé. Pay duoc xem nhu 1a mot phuong phap don
gian, cho phép xac dinh nhanh va chinh xéc voi su thay d6i lién tuc ciia ndng do cac chat tham gia va san
pham phan ung. Uu diém ctia phuong phap 1a cho phép khao sat cac dung dich loang va c6 mau, xac
dinh hang s6 cAn bang ciia mot vai phan tng, tién hanh song song trong cung mdt dung dich.

Co s& ctia phuong phap chuan d6 dién thé 1 do dién thé giita hai dién cuc (dién cuc so sanh va dién
cuc chi thi). Trong d6 dién cuc so sanh st dung dién cuc thiy tinh hiéu ELS -63-07, con dién cuc chi thi
- dién cuc Bac-Bac Clorua hi¢u EVL-1M3.

Pién cyc thuy tinh dwoc hiéu chinh bang cac dung dich dém voi pH = 1,65 = 6,68 va dung dich
chuan axit Percloric HClO,4 (pH = 1+4) [16,17]. Gia tri sirc dién dong (EMF) thu dugc cia cac dung dich
dugc xir Iy bang phuong phap binh phuong nho nhit. Xac dinh duoc stc dién dong tiéu chuédn cua dién

cuc (E m) VOi hé ) goc phuong trinh Nerst (g = R—F). Strc dién dong cua h¢ nghién ctru duoc xéc
n

dinh theo so do sau:

Dbién cyc thuy tinh|| 0.1M(NaClOy), H,L, S - H,0]0.1M(LiCl) (KClyy), S - HyO|| AgCl(r), Ag

Trong do6: S — dung moi hitu co, H,L — axit Succinic.

Xir 1y toan hoc céc dir liéu thu dugc trong qué trinh chuan do dién thé béng chuong trinh pHMETR.
Pay la chuong trinh duoc thiét ké dé tinh toan (hodc du doan) hang sb can bang cua qua trinh dién ly
axit-bazo, qué trinh tao phirc v.v. dua trén s lugng phurong trinh can bang va gia tri hang s6 ctia né duoc
dua vao.

3. KET QUA VA BAN LUAN

Céc phan ung c6 thé xdy ra cua hé gdm axit Succinic (H,L), Natri Perclorat (NaClOy), dung moi

gdm co: phan tmg dién ly theo nic 1 va 2 cua axit Succinic (1,2), dién ly cta nudc (3).
HL <«H'+HL (1)
HL <H +L* (2
H,O o H +OH (3)

Nong d6 H' dién ly trong dung dich hdn hop nudc — EtOH dugc xac dinh bang phuong phap chuén
d6 dién tai nhiét do T= 298K, luc ion I=0,IM (NaClO,) . Néng dé phan mol cia Ethanol thay d6i lan
luot 12 0; 0,1; 0,3; 0,5 va 0,7. Két qua dit liéu tir phuong phap chuan dé dugce xir Iy toan hoc bang chuong
trinh pHMETR. Gia tri pK; va pK, cua axit Succnic trong moéi truong dung moéi nude-EtOH dugc trinh
bay & bang s liéu 1.

Bdng 1. Gid tri hang sé dién ly ciia axit Succinic trong hén hop dung méi mede - Ethanol

XEwoH, H,L

% pK; PK;

0.0 4.04+0.06 5.48+0.04
0.1 4.22+0.05 5.96+0.04
0.3 4.73+0.04 6.02+0.04
04 5.05+£0.06 6.44+0.05
0.5 5.17+£0.06 6.57+£0.04
0.7 5.63+0.06 7.00+0.07
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Qua bang 1 nhan thay rang gi4 tri hang sé dién ly pK, va pK, ciia axit Succinic chénh 1éch nhau 1+2
don vi Diéu nay dugc giai thich boi cu tric, sy dinh hudng ciia hai nhom cacbonyl (-COOH) trong phan
tir axit Succinic xa nhau, nén khong c6 kha ning tao lién két Hydro noi phan tir. Chinh vi vay, kha ning
dién ly ra proton theo nac thtr nhat va nac thir hai nhu nhau.

Gia tri hang s6 dién ly cua axit Succinic trong méi truong nude thip hon trong méi truong nudc —
ethanol. Mit khac khi ting nong d6 phan mol ctia ethanol trong dung dich thi gié tri pKi ciing tang 1én.

Dé giai thich sy thay ddi tinh axit bazo cua axit Succinic khi thay dbi thanh phan ethanol trong dung
dich chung toi sir dung quan diém cua Bronsted — Lowry. Tirc 1a xay dung sy phu thudc gi tri hang s6
dién ly ctia axit Succinic vao hang s6 dién moi cua dung mai (hinh 1).

Tir hinh 1 ta thiy, sy phu thudc pKi = f{(1/¢) khong phu thudc tuyén tinh. Co nghia 1a gia tri hang sb
dién mo6i ciia dung moi khong phai 1a yéu t6 duy nhét quyet dinh tinh axit bazo ctia Succinic. Diéu d6 cho
phép ching t6i di dén gia thiét rang, sy ting thém ndng d6 ciia dung mdi hiru co trong dung dich lam
thay ddi trang thai ctia cac phan tir tham gia trong phan tng dién ly cta axit Succinic.

pKj 1
8_
2
6 - 3
4
4
27 — /*/P/(:/e ).107
1 2 3

Hinh 1. Sw phu thudc gid tri hang sé dién ly pKi vao hang sé dién méi (s) ciia dung méi: 1,4 — pK1 va pK2 ciia axit
Maleic; 2,3 — pK1 va pK2 cua axit Succinic
Mot giai thich khac cho anh hudng cua dung mdi 1én sy thay dbi tinh axit — bazo cua axit Succinic
trong dung dich hdn hop nude — EtOH 14 xem xét anh hudng ctia su solvat 1én cac thong sb nhiét dong.
Bién thién ning luong Gibbs ciia anion axit succinic khi chuyén tir mdi truong nudc sang moi
truong dung moi nudce- ethanol(kJ/mol) dugc tinh theo phuong trinh:
AtrGOrlerlGO (HZO—ethanol.)_A rlGO (HZO):AtrGO(HL-) - AtrGO(HZL) + AuGO(H+) (3)

A G 2= A rZG (H20-ethanol.) Ar2(} (H20) — AtrGO(L2 ) Atr(}O(HL ) + AtrGO(H ) (4)

Trong do AI']G (H20), ArzG (H20)> A I"lG (H20- ethanol A r2G (H20-ethanol.) — blén thién nﬁng lu’o’ng Gibbs
cua phan trng di¢n ly axit succinic theo nac 1 va nac 2 trong nudc va trong moi truong dung moi nudc —
ethanol twong tng, dugc tinh theo phuong trinh:

A,,G’=-2.303RTIgK (5)

Su thay ddi ning luong Gibbs cua axit succinic khi chuyén tir méi trudng nudc sang moi truong
dung méi hén hgp nude — ethanol duge tinh dwa theo ty 1¢ sy hoa tan ciia axit succinic trong dung moi
nudc — ethanol (Cs —-mol/L) va nudc (Cw — mol/L) theo biéu thirc

AG® (H,Y)=—2.303RT1gCs/Cw
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Két qua thuc nghiém vé su bién thién ning lwong Gibbs ciia axit Succinic va anion ciia n6 duoc
trinh bay trong bang so li¢u 2.

Bdng 2. Bién thién ning lwong Gibbs ciia axit succinic khi chuyén tir méi trieong nwéc sang méi truong dung méi
nudc- ethanol(kJ/mol)

Xeom | MG | MG’ | AG (HoL) AG(HL) AG(L7) AG(H")

MOJLIL. [19]
0.1 1.03 2.74 -0.36 1.06 4.20 04
03 3.94 3.08 -0.65 7.49 14.77 4.2
04 5.77 548 -1.01 8.96 18.64 42
0.5 6.45 6.22 -1.18 947 19.89 42
0.7 9.08 8.68 -0.86 10.91 22.29 2.7

Qua bang 2, nhan thiy ring, khi tang ndng dé phan mol ethanol trong dung dich tir 0.3 — 0.5 gia tri
A«G® ciia proton hau nhu khong thay doi, tir 0.5 — 0.7 thi giam xudng. AHG (}E ), AHGO(L ) mang gia tri
duong va ting dan 1én khi chuyén tir nudc sang nudc- -ethanol, con ddi A.G" (H,L) mang gia tri am va
tang dan tir 0.1 dén 0.5, tai ygon = 0,7 ¢6 xu hudng giam xudng. Didu d6 cho thay rang, khi chuyen tur
mdi trudng nude sang modi trudng nudc — ethanol di 1am giam qua trinh solvat cua anion, con ddi véi
axit succinic, tang sy solvat.

204 _/1

// Xdung moi huu co.” %o
04 : . .
0]0 \'\ 0.2 0.4
' 4

-10

Hinh 2: bién thién ndng lirong ti do Gibbs :1- anion axit axetic khi chuyén tir nueée sang moi
truwong nuéc — DMSO; 2- anion axit axetic; 3- anion axit formic; 4- ion H+ khi chuyén tir méi
trwong nuwoc sang moi truong nuwoc — ethanol.

Két qua thu duoc ciia nghién ciru hoan toan pht hop véi két luan cta céc tac gia [16], khi nghién
ctru anh hudng ciia thanh phan dung méi hitu co 1én qua trinh hoa tan ciia axit axetic (hinh 2). Mit khéc,
db6i v6i anion c6 dién tich cang 16n thi qua trinh solvat cang giam, diéu nay dugc khang dinh qua nghién
ctru, khi xac dinh bién thién nang lugng Gibbs cua anion axit oxalic khi chuyen tor moi trudng nudc sang
mdi truong nudc —ethanol (AHG (HC,04) = 13.3 Kj/mol u A,G’ (C,04%) =33.5 Kj/mol) [12].

Su phy thudc gia tri bién thién ning luong ty do Gibbs clia cac tac chét tham gia vao qua trinh
dién ly cuia axit succinic khi chuyén tir méi truong nudc sang moi truong nudc — ethanol duge bidu dién
bang hinh 3.
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Hinh 3. Su phu thuéc gia tri bién thién nang luong tw do Gibbs cua cac tac chat tham gia
vao qud trinh dién ly ciia axit succinic khi chuyén tie méi trieong nwde sang méi truong
nudc — ethanol: 1- AtrGO(L2-), 2-AtrGO(HL-), 3- AtrGOrl1, 4- AtrGOr2, 5- AtrGO(H2L), 6-
AtrGOHA) [19].

Nhu véy c6 thé thdy rang, sy ting lén gia tri A,G’y, 4- A;G,, hay néi cach khéc 1a giam tinh axit
cua axit succinic khi tang nong d¢ phan mol cta ethanol trong dung dich tu 0 — 0.7 duoc xac dinh bang
sy giam solvat ctia anion HL™ va L* cua axit succinic.

4. KET LUAN

Nghién ctru kha ning dién ly cua axit Succinic trong dung dich hdn hop nuéc- EtOH cho thay ring,
khi ting ndng d¢ phan mol EtOH trong dung dich tir 0 + 0,7 thi gi4 tri pK, va pK, clia axit Succinic ting
1én, hay noi cach khac kha ning dién ly H cang giam. Phan tich anh hudng solvat cua cac tac chat tham
gia vao qua trinh dién ly thi nhan thy ring, gi4 tri hing s6 dién méi cia dung moi khong phai la yéu t6
cl;inh, ma nguyén nhan chinh cda su tang gia tri pK; va pK, la do su gidm solvat ctia cac anion HL" va
L~
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