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BE UEKEER. BSBEEHSE(Gly-Gly) KB (Im)AEM, #E&THERHEBKKREERSY ,B8id X HFEBERTHNE
TEEWMHEN, ZREBEARNEZR,P2/n = EE,a=1.0213(6)nm, b=0.7023(4)nm, c=1.5911(9)nm, f=102.393(9)°, V=1.1147
(11)nm3,Z=4, ABRMBEMNEHHNE T CuSO,-5H,0(s)+Gly-Gly(s)+Na,SO,(s) .Im(s)F1 [Cu(Gly-Gly) (Im)] - 2H,O(s) ,NaHS O, -
H,O(s)# 2mol/L HCI F #IA i 1E , R#E Hess B BIZ 1T T — MW Z1E IR, T EBFE CuSO,- 5H:0(s)+Gly-Gly(s)+Im(s)+Na,SO,
(s)=[Cu(Gly-Gly)(Im)]-2H,0(s)+2NaHSO,- H,O(s)+HO()BI R Bz #& A, H,, (298.15K)=(36.7634+1.1325)kJ/mol , i# i 5k H [Cu(Gly-
Gly) (Im)]-2H,0(s) B 5 1 4 B 48 A Hoo{[CU(Gly-Gly)(Im)]-2H,0(s), 298.15K}=(~1770.3+1.4)kJ/mol,
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Synthesis of [Cu(Gly-Gly)(Im)]-2H,0O with Its Crystal Structure and
Thermochemical Characteristics

ZHAO Yanru, WANG Hongsheng
School of Chemistry and Chemical Engineering, Xuchang University, Xuchang 461000, Henan Province, China

Abstract Complex [Cu(Gly—Gly)(Im)]-2H,0(s) was prepared by mixing the solution of copper sulfate pentahydrate, glycylglycine and
imidazole. The crystal structure of [Cu(Gly —Gly) (Im)]-2H,0 was determined by X —-Ray single crystal diffraction. The crystal belongs
monoclinic with space group P2i/n and unit—cell parameters are a= 1.0213(6)nm, b=0.7023 (4)nm, ¢=1.5911(9)nm, B=102.393(9)°, V=
1.1147(11)nm’, and Z= 4, respectively. The dissolution enthalpies of CuSO.+5H,0(s)+Gly—Gly(s) + Na2SOu(s), Im(s) and [Cu(Gly-Gly)
(Im)]-2H,0(s), 2NaHSO4 -H,0(s) have been determined in 2mol/L. HCI solution by the classical solution calorimetry. According to Hess
law, a thermochemical cycle is designed. By calculation, the reaction enthalpy of CuSO4-5H,0(s) + Gly—Gly(s) + Im(s) + Na,SOx(s) =[Cu
(Gly =Gly)(Im)] -2H:0 (s) + 2Na -HSO4-H0 (s) + H,O(l) is calculated, A#5,(298.15K)=(36.763,4£1.132,5)k]/mol, and furthermore the
standard formation enthalpy of [Cu(Gly—Gly)(Im)]- 2H,O(s) has also been calculated, AH{[Cu(Gly-Gly)(Im)]-2H,0(s), 298.15K}=(-1,770.3+
1.4)kJ/mol.

Keywords glycylglycine; imidazole; copper sulfate; crystal structure; standard enthalpy of formation
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W i A SR B A A S VR BT IR 5 0 R A O T i e AR
T YR 2 2 T A i AR A T B K A R

1 e
1.1 UBES5EHH

KCI(FR & 3145 HEY) 51 ) 26 B K T 99.99% ,1F 135°C T 154
T 12h 5B TR A TR SR P & H CuSO, - SHO | T e
(Im) \KC1 NasSO, NaHSO, (¥} AR %% ) 1 H 2t H &= i
(Gly-Gly, A= ki 7)), ok [ 1 25 4 k24 i 0 AT BR 2 /] ff
FIEEBEAT PLOy (1 FLAS T 25 v iH 1 5 oK S B L LB (95%)
Ry R B TR AN T BRA R S BT S K R R
K,

BrukerApex Il 8 X 54 5 A7 54 ZER A 1106 BT R
AIATAX ;3510 B F e oy O L T, HiB R R A R
2y ) ;SRC 100 7Y B A TE R R4 A - S b i, stk
AR S G == W
1.2 HRH&5NE

i CuSO,-5H,0:Gly-Gly:Im %) Jii i) & Lt oh 1:1:1 #fiE 5 B
i, CuS0O,-5H,0 \Gly-Gly 43 5l F 2% 8 F 7K ¥ % ,Im H 95%11)
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B K Tm WO N E] CuSO,-SHO W, 7 ML
30min Ji, ¥ Gly-Gly w2 iR A5 R P, H 0.1mmol
NaOH 55 1R 4 W pH 120 9.0, B9 W 8] A = B0 T 50°C
TN 6h, 155 1k BN, # s R, BT KR AR R
T 1 g I FHIEK S EEPE M A SR 5 A S KT R A v AR IR
A5SCEATPEEETE , TR AR 95% £ B2 K7 W7 it Fids
E/ R P LRV S SANCRES /TN

JCE SIS RN .C 21.20% ,H 3.99% ,0 36.51% ,S
8.20%,N 14.09%,Cu 15.83%. HFEE R :C 21.29% ,H 3.83%,
0 3647%,S 8.12% N 14.19% ,Cu 16.09%
1.3 BELEHNE

eI A W R T A S R4 0B R, 7E Bruker
SMART APEX I 2 /& fif §F 4% I, DL MoKa #f %k (A=
0.071073nm) AHEIE 78 296K T, % FH /6 $13 77 20, 1 2.62°
<6<25.99° [H] Y H IS £ 5849 A~ i B B, HE v il ST AT B AR
2189 4~ (Riy=0.0240) ,I1>20 (1) W AT W4T 5 252 1942 4, %X
P 10 5 A SAINT F2J% i 47, Jf Fl SADABS 2 /¥ #F 47 W i %
1B, FLA WS F F vk i s %t HE SR T AR AR AN 45 1) 5
PR B B R A7 A R /N RIS 1B, AR F AR bRl FS
THRE AR, 45K BT oR B SHELXS-97, 45 #4 K & % H
SHELXL-97.

e &) = B AR B DL 1
1.4 EMITHRE

AR XS AE SRC 100 7 L AT 6 Y5 PR 58 19 185 #f — By e 0T
O SE RS B N+ 1 107K, IR R UE N+ 1x107K
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Table 1 Crystal data and structure refinement parameters for the title complex

¥ C;H 3CuN,0; 43 F = C,H sCuN,05
AR XF 4> F I A 296.75 % JE/ (mg-m™) 1.768
i SR BE /K 296(2) W Wi 9 F /mm ! 1.977
K /nm 0.071073 F(000) 608.00
iR /I fmm 0.21x0.19%0.16 WA EE 1.093
i ) a=1.0213(6)nm , b=0.7023(4)nm P -10<h<12,-8<k <8,
i 24k ¢=1.5911(9)nm ; a=y=90.00°, -17<I<19
B=102.393(9)° ST S ECH 5849
LS B R A6 A i a5/ PR A BE /5 8 2189/ 6 /166
23 [) P2i/n SN 1% 99.5
A /mm? V=1.1147(11) SRS AT 5 S 2189(R,,=0.0240)
P A A F A F (520 (1) R=0.0351, wR=0.1016;
R=0.0396, wR,=0.1051
0 L/ (°) 2.62~25.99 Bk /N TS I (e A7) 0.614, -0.597

S 2 KCL A 298.15K 8 I 45 148 T % #4747
SE . TE 298.15K i, KCl (9% i 55 R (17585+16) J/mol , 15 3CTik
[I2)E AT | 358 22/ T 0.5%, Bk B3 1 ofie o 1 15085 ff )3
BIrFaEiR,

J IS 9 /0 7 ) W i 2 2l i B DL A A 5 A it
BETE AL AR A E I HEAT HEAL
1.5 BREIEHNE

K BT AT T D0 ) J5 e S A 3 G T R N T A TR AR R
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M. WA Y E#E 5% T 2.0mol/L HCL 1, JF LLiE 2.0mol/L

HCI R i .

15.1 CuSO0,-5H,0(s)+Gly-Gly(s)+Na,SO (s)iA & k& Byl E
BB #F 4149 CuSO, - SHA0 (s) .Cly-Gly (s) NayS0.4(s) 5 1.0

mmol (W) 1-1) , B T it B & ith L R 100.0mL 2.0mol/

L HCl & & T R b o, 76 298.15K 5 K2 W 9 1-

| VR ARG 2 5 RN it 55 3R L2 2,

%2 REZ®WEE 100.0mL 2.0mol/L HCl(aq) H # & 18
Table 2 Dissolution enthalpies of the reactants and the
products in 100mL 2mol/L HCI

4 AHS,/ !
R4 s AEN  AEN U Al
52 (kJ+mol™) (kJ-mol™)
1 86640 11.1235 127279  49.0524
R 2 85406 102098 10.9030  48.8887
! 48.8236 +
B3 79001 01686 113515 482036
-1 4 82452 10.1153 103726 48.5981 :
5 83856 107197 11.0101  49.3752
| 54456 68716 7.6687 —28.9047
KRR 2 58453 7.5284 7.6338 —29.3272
~28.7216%
M3 STS1S 83766 72212 289032 O
12 4 56421 73137 79561 —-27.9688
5 562563 7.9674 6.8569 —28.5043
1 859075 89578 10.9031 -37.5525
2 852654 108174 11.3604 —37.7601
7= 383101
3 865318 92651 89129 —38.3504
2-1 +0.6762
4 880781 95564 103627 -38.6718
5 88.1255 9.9419 10.0552 —-39.2156
| 47656 6.1457 57854  22.1979
2 50625 65178 5.6028  21.5326
Y 21.6487+
349365 65131 56017  20.7337
22 0.6038
4 475236 67192 63060  22.1979
5 496663 5.8407 57862 215817

152 Im(s)iBfE A HIME

HCE WF 40 19 Tm(s) 1.0mmol T o #AF A 5 b, R
CuSO0, - 5H,0(s) .Gly-Gly(s) \Na,SO,(s) 45 1.0mmol , - J11 100.0mL
2.0mol/L HCI %W 2L 7] & T S it o, 789 & \298.15K Tl
Im(s) (R H) 1-2) W f s 20 5 vl i, 45 51 3% 2,
1.5.3 [Cu(Gly-Gly)(Im)]-2H,0(s) A & 14 1 3 =

HRE WF4H B4 [Cu(Gly-Gly) (Im)] - 2H,0(s) 1.0mmol (7547 2-1)
BFEPGTEE A, B 100.0mL 2.0mol/T. HCI ¥ W & T 2
Bt R AE R R (208, 15K A PR 21 MOV RS L 45 IR
Wi, 45 3% 2,
1.5.4 NaHSO,-H,O(s)i&fi# & Bl E

HUE BB NaHSO, +Hy0(s) 2.0mmol BT 5 #4 3| A9 BE &)
P, B Cu (Gly-Gly) (Im)]+-2H,0(s) 1.0mmol 1 100.0mL 2.0
mol/L HCL %W & T S i it b, 75 4 s \298.15K T il NaHSO,-
HOG W 2-2) TG 20 5 il i 45 SR 0L 2,

I 64

%2, ARy IR A iR IR S AR s A ES O HLBR
it A R S AR A 50 D LB [R) s ACHL DR R Oy 5 AT TR
% AF 298.15K, R=1230€) ,1=20.00mA

2 #R5itie
21 BRIEEHNT

B3 B E 45 W [Cu(Gly—Gly) (Im)] - 2H,0 11443 25 44 il phy &0 5
HEAEIE L = 48 T A A A ) LT 1 R 2, B 1 AT
Bt & P rhon B F Cu(I) BB 4, Cu(ID) 5 FCAL A Gly-
Gly TR %L O i+ &35 N 57 Bk N JEF 2 Im 3£ I 1
AN EFEAL, X 4 AT AR T AE Cu (L) 5] BB I — A i 722
(P DY 0 o Ca(1)JEF 0 T 1 DU 38 ol o 4 AL
B Cu(1)—N(1) .Cu(1)—N(2) .Cu(1)—N(3)FI Cu(1)—O0(2) ¥ i K
73 514 0.1862(3).0.1994(3) .0.1929 3) Fl 0.1964(2)nm , 24 J& iF
HEALEE ., 6 M N(D—Cu(1)—0Q)f /N, N 82.96(11)°;

B1 EA%[Cu(Gly-Gly)(Im)]-2H,0 B4 F4#4
Fig.1 Perspective view of the molecular structure of
[Cu(Gly-Gly) (Im) 1-2H,0

E2 EEYEBEISRABNZ%HES FEN
Fig. 2 Three-dimensional super-molecular structure

constructed by hydrogen bonds
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0(2)(82.96(11)°) \N(1)—Cu(1)—N(2)(83.88(12)°) N(3)—Cu(1)—
N(2)(97.35(12)°) (5 A1 £ 9 360.04°, 3¢ B 4 4~ Fig 437 J5L 7 JL - 4b
T —AFTH, B 02)—Cu(1)—N(2)H 166.75(10)°, 74k, 4
ANBEA Y& 2 A SR K 37 IZ A 3 1 A K S R
TR 384 O N BT Z M B U5 R4 5 B 57 68 43 2854 i
JE B B ARk WL 3.
22 RE%AHTE

R SRAE S I BRUE AR B AR Hess & A 31T T RN 1Y
AL =GR WA 3,

i Hess 5 & Al %0 A, H =A, H®, (1)+A, H°, (2)-A, H%, (3)—
A H°,(4),, I A[Cu(Gly-Gly)(Im)]- 2H,0(s)+2NaHS O,(s) ¥ FE R /)
HAETE 2.0 mol/L HCLJG FFIM A Tmmol “H0” 51 A7 B
e, RN JHG Al A5 0 JBT 0 O AR 68 ok AR /D TESE IR AR R 22

®3 EEYFHNER
Table 3 Structural parameters of hydrogen bonds for the

complex
/ DHA
S D—H/mm H---A/nm D---A/nm /)
N@=HOA ) 6 0226 0.2989(4) 142.6
o) . . . .
N(4)—H(4A)---
(4)—H@EA) 0.086 0.182  0.2661(4) 164.9
o(1)
0(1W)—
0.0820(19) 0.192(2) 0.2729(4) 170(4
H(IWB)--0(2W) 19 ) (@) 170(4)
0(1W)—

HIWA)-0(2) 0.0830(19) 0.205(2) 0.2877(4) 175(5)

CuS0y-5H20(s) + Gly-Gly(s) + NaxSOy(s) + Im(s) Lj":) [Cu(Gly-Gly)(Im)]-2H20(s) + 2NaHSO4-H20(s) + HaO(1)

AHE ()

A

CuS0ySH0+Gly-Gly+Na; SOy 100.0mL 2.0mol/L
| AL (2)

RZE

FLRAIAE 100.0mL 2.0 mol/L HCI

AH (3
r
Fd54+100.0mL 2.0mol/L HCI
| A (4)
\ 4
FEPILE 100.0mL 2.0 mol/L HCI

B3 WIEWF KR RLZER
Fig. 3 Measuring thermochemical cycle for the molar enthalpy of the reaction

U Z N AT LZ AR T H0 R Bk, (A I
A HS=A H (1)+A_H' (2)-A, H, (3)-A_H°, (4)=
48.8236kJ/mol+(~28.7216kJ/mol)-(-38.3101kJ/mol)-
21.6487kJ/mol=(36.76341.1325)kJ/mol
23 HRIREERERBITE
HR A SCHk 2875 298.15K B CuS0,+-5H,0(s) .Gly-Gly(s) Im(s)
Na,SO4(s) NaHSO,+ HyO(s) PR HEEE SR AE UK, UL 3R 41591, ) oK
W AHS, K i g 15

x4 RMEVRBRAEERERR
Table 4 Data for the standard molar enthalpy
of formation with reactants

(st A /(K] -mol™) 27 Sk
H,0(1) ~285.830+£0.042 [13]
CuS04-5H0(s) ~2279.65 [14]
NaS04(s) ~1387.08 [14]
NaHS0,-H,0(s) ~14217 [14]
Im(s) 49.8+0.6 [15]
Gly-Gly(s) ~747.7+0.6 [16]

E AH) K B R AT EIE R A RS S AT AT R E
Note: AH®, represents the standard molar enthalpy of formation and

relative standard deviation.

AH® ([ Cu(Gly-Gly)(Im)] - 2H;0(s) ,298.15K) =

A HY +A HY, (CuSO,4-5H,0,s) +A H? (Gly-Gly, s)+

AHY, (Im, 8)+A HY, (NaxS04,8)-2A¢ HY, (NaHSO4 - Hy0 , 5)—

AcHS, (H0,1)=36.7634k]/mol-2279.65k] /mol—~

747 .7k J/mol+49.8k]J/mol+(-1387.08kJ/mol)-2x

(=1421.7kJ/mol)-285.83kJ/mol=(-1770.3+1.4)k]/mol
24 HE—HMEWE

S35 5E CuSO,4 5H,0(s)+Gly-Gly(s)+Im(s)+NaSO,(s) fl [Cu
(Gly-Gly) (Im)] +2H,0 (s) +2NaHSO0, - H,0 () +H,0 (1) 7& 100.0mL.
2.0mol/L. HClaq)h ¥ 4 10 5 9L #9738 ¢ J o 5%, —
2 AP 2 58 4 HE S (A B W 0.5mlL, 5 254 50mL,
UL 4), Prit R W g e MFE (n=1.3495), B FREHN
16.0ms/em (MU ImL, %E %5 2 SOmL) , 3% B3 = & HAT A )
BRI RAS o AT RUAE | U A - IO R Y
AH ([Cu(Gly-Gly) (Im)] - 2H:0(s) , 298.15K) J& 1F i 15

3 A

I AT 2 ) S I 4R N R IR A B R S0°C 4% A
BN il R R R AR A R L A
e Cu™* 5 i& Gly-Gly tPiR 3k O JR 7 23 N T ik
M N B+ 5 Im 3R L0 1A N JEFRCAL, B —A A

65 N
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Fig. 4 UV spectra of the reactants and products in the

thermochemical cycle

VUSHIE o FCE 0 RH 40 B A 43 3 i AU SR JOIE 07 8 43 1 45
LA 05 T 20N [Cu(Gly-Gly)(Im) ]+ 2H,0. 4% M Hess 7 FH
Wit THEGYWS 5 E IR, - R R
fi B BT 5L bR E R R SONE ARG, i — 2645 EC A I [Cu
(Gly-Gly) (Im )]+ 2H,0 (15 1 B 7R A= ks .
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