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LEEESEFi&MA[ C,omim] [ FeCl, | BIiARER

wTE', £ B, FRE, HEKR
(1. LR, PM 1100365 2. RHEFFGERMBISEIT , 165 810008)

HE ETRESAT, HESERNEMIK FeCl, AL 1-H $-3-Z 58K ([ Cymim ] [ C1]) B TER
B, A O B o R R A B AL Cymim ][ FeCl, 1. 7E298.15 K, I EA 1H IR BR AR 1 15 i
TR AR E T 3R B AR 0 R AR VA (AH ) . BTXE[ Comim ] [ FeCl, 1 Tk 5 B4 0045 5, 76
Pitzer HLMFFTA VRIS EAN b, 48 T 0 P s IR AR B R v AR R vk, 98 T [ Comim ] [ FeCl, ]
BIPRUEBE R TR AR XS (ALH® = —76.6 kl/mol), DL Pitzer }5 S804 & . BES)& + B%%;;im]’ a t ¢i‘:e,:C2mim] =
0. 072209 Fl BG + Btk o =0. 15527, & BRI £ AE IR Glasser B FWRIK S AS REFEIE, HI Fe’*, C1™ A
[ Cymim] * AYES FRALFEEAE LK [ Cymim] [ FeCl, |ARMEBE IR ARAS , MBAEAR TR T FeCl, ]~ (g) B
Fe** (g) M 4CL™ (g) BRI A 5659 kI/mol. XS5 /R T B F WA Cymim ] [ FeCl, ] AORIFEEE R A0
HXHEIFARKR AR, BIR KB T KAAE AR K [ FeCl, ] ™ (&) AR B 50 AH B HE.

KR BT WS Pitzer WIS ; THIRIRSE AU RN #ag it

FESES 0642 XERARIRAD A MEHE 0251-0790 (2008 ) 03-0569-04

BT IRARAE R B e RN BRI R R Z B T 712 63, HIEAERLU R 224238 )W T v
FAURZ—" Y. Sitze % AL 1-H 33215 T ZEBKME ([ C,mim ][ C1]) 4395 FeCl, Fl FeCl, A T
o h P A TR BRI B R, e R R R AR BT TR B nT R I, AT DME R &R BT, 4N
KBl B AR IRAEAL S B A A 0. 3 DRI 410 F AR BE R W [ Comim ] [ CL] 5 FeCly A AL T 33 V8 4 )8
FWAKR Cymim ] [ FeCl, ], FHAET T8 BRI HoK I RS, (B4 OGBS F IR RIS AT iR AR /D I
B B PR RS S AT R R A, R B A T R B R R . AL,
ARSCAE298. 15 K T, F) F B A F6 I 20 53 09 i i sy A3, € 1 [ Cymim | [ FeCl, ] BE IR i %
(AH,). X[ Cymim ][ FeCl, ]I # T KI5 BRI RE S, AR Pitzer HLF VA TRCELE ), 24 THIE
TP TR AR U R SR Vs K 0BT ik, 8 B AT 0EIAFN Glasser B TR A% BEERIES ', FH Fe'"
Cl M AI[ Cymim ] T2 4 B oK Ak BOBCHE S [ Comim | [ FeCl, | A E BE R W i ks, fHA T RCE T
[FeCl, ]~ (g)ffFEs i Fe'* (g) F4C1™ (g) BIMEEHE.

1 SEIEERSY
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KR ZWRGRIBK, S HHREiARZRIE 2 Ik, HFHEN 0.8 ~1.2x10 7" S/m. LIEF LR LRI R
ACRCGEAH, I 3A o Fiii T, RS TR OR3P N 2808, WUR T alE 43, K S rYa ) &0 i
LR T AP . EAk 1-H 3E-3- L FEWRIE ( Aldrich A 7)) FHE5 5 2 K, B2 TG4 . JoK FeCl, J&
A3%E AE FHR T (Alfa 23 F]) , 46 A 99. 5% .
1.2 =gt

TS AE AN TFEFEN, KRR R 1 1R E4TEK FeCl, 5[ C,mim] [ C1] EEFHR A, 15
FAE 015 I B4 B IR AR DU G285 R R 1-H JE-3- 2 FEBKIE ([ Cymim | [ FeCl, ]). R APEE Renishaw 23 7] 4
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72 A B AR Raman VG35 (RM2000) 1145 [ C,mim | [ FeCl, ] B9 Raman Y635 &, H: Raman F1EIE N
333 em ™', 53CHR[S ] HIE—EK

FEHESCHR[ 12,13 ] ik AAT4LEE T — & HA THRN R M - ROy a1, b 17 O fE R PR B 3L
B, TR T ARERANE R T e 1 T B AR AR it Ay L s ST A A AR ) R R B
AR, AR kT A, AR B RS R IR TR, THEL A SRESE. TR 221
FEE R 0. 001 K. Ab2AbR e SR AN PR 1 nT S8 PR AT ERR B A9 FEAS T vk, AR SRk [ 14 ~ 17 1 7k A
RSO AS [R) Y T o AR v A 5 KCL RN = 36 B 62 56 F bt ( THAM ) WG T ThR 2. 7F 298. 15 K
TFHERFREEZT 0.5 ¢ 9 KCLIEMTE 0. 15 L fglizk e, MI5E 8 K KCI B BERIEfgke , SFE R AH, =
(17542 £10) J/mol, S53CHKE A H, = (17536 £9) J/mol M!S IR 2ZEVE BN —30. HERAFR
250.75 g i THAM #Ff#7E 0. 15 L 9 0. 1000 mol/L Y HCl 1, JUE 6 YK THAM AYEE /R, SFHMH
JAH =(-29794 +11) J/mol, 5 CHME A H, = ( —29765 +10) J/mol LM | tL7ESCEG IR 2275 Fl
ARG — 80 bR J5 1 3 i J L #4i 1E, 40 51100 22 0. 004096 ~ 0. 03998 mol/kg ¥ Ji 7 [l 9 1Y)
[ C,mim] [ FeCl, JZE/K A A, TG TERM N, MERFREFES, IR AR 45 10 e
#h, M PE BB HEHAR T, #BHFEH.

2 HR5TiTHE

2.1 PEERIAMRYS AH, 71 Pitzer 7772
FE7E 298. 15 K T IN5E BRI BE 1 B TR A [ Cymim | [ FeCl, JBEIRIEARAG A H, F1 TR 1.

Table 1 Values of molar solution enthalpy of [ C,mim ] [ FeCl, ] with various molalities at 298. 15 K

m/(mol - kg™") 0. 004096 0.004442 0. 005013 0. 005956 0. 006981 0. 008067
AH, /(] mol™!) -62010 - 60960 - 60360 -59150 -57940 -57570
m/(mol - kg~1) 0. 009036 0. 01005 0. 01508 0. 02525 0. 03000 0. 03998
AH, /(- mol™") -57050 -56850 -56600 -56250 -55950 -56150

BSTWUARL Comim ] [ FeCl, ] (1) 7K H B 2 PTm A F
[C,mim ] [FeCl, ] (1) + WH,0(1) —> [C,mim]* (aq) + Fe’*(aq) +4 Cl” (aq)
A, WRAKI TSR B FUAR RIS AH AT LARR N
AH =nH, +ny(Hyo + Hie s +4Hy-) = nHY = n,H® o) (1)
A, H A n, 5350 02 0 2H 53 00 i EE R O REE R B, VRS 1R 2 43 ) R OR VR RS BT, H YN
HY o ivens o SR S RIS T Comim ] [ FeCL, 1 BOREARKR. 0(1) T BLEC5 L

AH =L+n,(Ho. +HY - +4HE) = nHS o, o) (2)

K, L=H- HZERAABRTES | 0k Bl i JC BR AR B T 4521
lim, (A H/ny) = (Hoo + HY o+ +4HE) = HY o) = A, (3)
K, A H, JRTCIRM B IR N, RARMEBE IRV RS . N T8 e R B BE IR RS AH, TR R
AH = AH/n, = Ath + L/n, (4)

IRIEIIS 2R L RIR N

L=H-H"=-T[a(G*/T)/aT],, (5)
KA, G HHE Gibbs [ HHAE. T B FWAAR[ Comim ] [ FeCl, ] (1) 7K MRS 408 | [ C,mim ] *
(aq) +Fe’* (aq) +4 Cl™ (aq) |, G Pitzer {RA ML FUARIIEY FoR. B BRI B Tk
HRLCELAR, AT LAZ 0 A 7E v BE I AT RAE P =R VR, W) G Pitzer 1A

G*/WRT = f(I) +2%, > mmB, +23, > mm P, (6)

o, B ¢ Fila S0 FoR IE | BT, m RUEERUREE, 1 B FiRE, R WSUREEREE, e
e A7) A= (8).

A =—- (4I14,/1.2)In(1 + 1.21'?) (7)
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B, =B +B. g(x) (8)
H(8)H, g(x) =2[1 = (1 +x)exp( —x) /2%, x =21"*. FZJER[ C,mim ] [ FeCl, ] (1) BEMAEK T L)
[[Comim] " (aq) +Fe’* (aq) +4C1™ (aq) [HREWER, HH, ms. =m e =m, me- =4m, KX
FZRAK(6) Hr iz,
G™/WRT == (41A,/1.2)In(1 + 1.2I'*) + 2m* (481, + 4B i + Pre. it ) +

8m® (Bi)y + 4B (in 1) (%) (9)
TEFE R AME B 25T, 8 B R IR nT A5 283878 L .
L == (WRT)[ - (414,/1.2)In(1 + 1.21"*) +2m* (4B} i + 4B\ ). +
D, o))+ 8 (Bl + 4B U 1) 18 (%) (10)
woo= (BT, (11)
W= (BT, (12)
Dy, - cyiy = (9P™1/AT), (13)
A, = (0A,/0T), (14)

K, A, BB RZEN Debye-Hiickel 5, A, MK Debye-Hiickel Z4(, 7F 298. 15 K T HAHHEH 3¢
BRL9T. Kl (10) A (4) PRS2 HHAG 3 T =L
Y = AH,/2RT" - (1/2m) (4IA,/1.2)In(1 + 1.2I'?) = ay = m(4BL)q + 4Bt 1 +

(pFe,[czmin] ) - 4m<ﬁ§l>é1 + 4ﬁ?::>2|l{ﬁn],c1)g(x) (15)
Kb, Y RSN, HAE ] SRR AR R NSEL o (E AT bR B IR ks A HY .
a, = Ath /2RT? (16)

RS VAR (15) ML, AT RIS 2 B8 a, = — 0. 051793 M Pier K ZHUH A (BOL +
Bl + Pry () =0.072209 FN(BLE +B{ e ) =0. 15527, BUAIFUEMZE s =4.2 x 10 7 KR
Br=0.97, M a, HEE T [ Cymim] [ FeCl, | AUFRAEEE RGN A H® = -76.6 kJ/mol.
2.2 EEF[FeCl,] (g)HIHMEE
B RITRRCE T FeCl, ]~ () MEKHIIIIHIEAE. K1 AT, BF WKL C,mim ][ FeCl, ]
WRTK, E TR BRI F Fe'* (aq), 4C1° (aq) [ C,mim | * (aq) i B2 B9 #5052
[ C,mim ] [ FeCl, ] PR EEE /RGNS (AH) = —76.6 kJ/mol). [ C,mim | [ FeCl, ] AL B M [ Comin] *
(g) R FeCl, ]~ (g) Mt R AABEON AH 4 T B IR AR BE Upor, RIVEF 1 mol 1E | H1 8 F M AE LB E
T FFFAERIT), HAE PTAR R Glasser M T IRUAR A% REHE O 1144
Upor/ (k] + mol™) = 1981.2(p/M)"* + 103. 8 (17)
Kb, MONBERTGR, p MR, WOCHR[ 6] LA 1S p =1.4548 ¢/cm, THEASE] Uy = 436 kl/mol; H
SER Fe’ (g), Cl™ (g) M Cymim] * (g) A Fe’* (aq), Cl™ (aq) FI[ C,mim | * (aq) i FE A TR J2:
BB TR, AHys., AHy FUAH e BEEST[FeCl, |7 (g) BYZMRSE T Fe' (g) F14C1-
(g) iR R NG A, , ATARYE BRI Al s, =T .
AH, = AHY? - Upy = (AHps. +4AH, - + AH (0-) (18)
MICHRATAG ], AH,5. = -4435 kJ/mol™) | AH - = =376 kJ/mol * FI AH . - = =233 kJ/mol"". #]
I (18) fEEARH [ FeCl, | ™ (g) BIAESIE AH, ~ 5659 kJ/mol. X145 AR T B T- WM 10 bR o BE /R
VSRS A E I AR KRR (B 1), RIAR R B TR A BAR KA [ FeCl, ]~ (g) MRS KGHRIE T .
[Camim][FeCL](1) + «wH:O(1) _AHY Fe'(aq) + 4Cl(ag) + [C:mim]'(aq)

Us»n'r ‘ ﬂHu-e" ]4’AH('I' ‘ Mu-_.m.;.r

[Camim]'(g) + FeCli(g) — Aa | Fe''(g) + 4ClI(g) + [Comim](g)

Fig.1 Schematic diagram of thermodynamic cycle for calculating hydration enthalpy of [ C,mim ]| [ FeCl, ]
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Studies on the Enthalpy of Solution of Ionic Liquid [ C,mim | [ FeCl, ]
Based on Transition Metal

ZHANG Zi-Fu', WANG Hengl , FANG Da-Wei'?, YANG Jia-Zhen'"
(1. College of Chemistry, Liaoning University, Shenyang 110036, China;
2. The Institute of Salt Lakes, Chinese Academy of Sciences, Xining 810008, China)

Abstract A brown and transparent ionic liquid, [ C,mim ] [ FeCl, ], was prepared by mixing anhydrous FeCl,
with 1-methyl-3-ethylimidazolium chloride ([ C,mim ][ Cl1]) , with molar ratio 1: 1 under stirring in a glove box

filled with dry argon. The molar enthalpies of solution, A H_, of [ C,mim ][ FeCl, ] in water with various mo-

m

lalities were determined by a solution-reaction isoperibol calorimeter at 298. 15 K. In terms of Pitzer electrolyte
%

m

solution theory, the standard molar solution enthalpy of [ C,mim ][ FeCl, ], A H" , and the sum of Pitzer pa-

rameters: (B +,BE%)2];H]'CI + @;e'[czm] ) and (B +ﬁ%>2"]‘ﬁn]ym) were obtained, respectively. Using the
values of the solution enthalpies and crystal energy of the ionic liquid, the dissociation enthalpy of [ FeCl, ] ~
anion, AH, =~ 5659 kJ/mol, for the reaction: [FeCl, ] (g)—Fe'* (g) + 4Cl (g), was estimated. It is
shown that the enthalpy of solution of the| C,mim ][ FeCl, ] is small because the large hydration enthalpies of
Fe'*, 4Cl~ and [ C,mim] ~ was compensated by the large dissociation enthalpy of [ FeCl, ]~ anion, A H, , in
dissolution process of the IL.

Keywords Ionic liquid; Enthalpy of solution; Pitzer's theory; Isoperibol calorimeter
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