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Abstract Low-temperature heat capacities of complex Zn(Met)SO4*H,O(s) have been precisely measured
with a small sample precision automated adiabatic calorimeter over the temperature range from 78 to 370 K.
The initial dehydration temperature of the complex (75=329.50 K) has been obtained by means of the
analysis of a heat capacity curve. The experimental values of molar heat capacities have been fitted to a
polynomial equation of heat capacities (C, ) vs. the temperature (7) with the least square method. The
smoothed heat capacities and the thermodynamic functions of the complex have been calculated on the basis
of the equation. In accordance with Hess law, the standard molar enthalpy of formation for the complex was
determined as A;H;=—(2069.30% 0.74) kJ*mol ' | by using an isoperibol solution-reaction calorimeter,
designing a thermochemical cycle and choosing 100 mL of 2 moledm * HCl as calorimetric solvent.
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(8T IR N FH Ak, BLEAT AR DGR BRIS IF, J0 b)) 75 22
ST D UERS 1 87 22 A R B SR s

1998 4F ey Ji R A5 1 2w AR P i VR g T
ZnSO,-Met-H,O(FLH Met 103 L-a-FR%IR) — 0k R I
ARG, RILAE 298.15 K AH B B3 A8 A A L,
AT 22 SCRR ST T7 2%, R T DA R 7K TR - v A A
W, BRARF= e K AR B, R & i T ok L SC
BRARIE ) Zn(Met)SO4HO(5) S5 le &4, H Ht g5 4y
TR AR TR e HE AT T 3RAE. 2R, &4
Jyik, SCHERH R LE] Zn(Met)SO,4H,O(s) AR H 7
MR E. AXHA DS KW
Zn(Met)SO4H,O(s) £ i, LK % 1 sh e 2 ik i
BEE T IXANEAWIAE 78~370 K X R EE R A7, FF
HARUEEAE EF S T e SR R A, R
FH SR I PR B = S N R TE, I H LA W 1 b v
JEE IR A A

1 SLIGERS

1.1 HRHEEFRIE

it i1 4 BT A FH B £R(ZnS 04+ TH,0) - AR,
PO A2 E R A, Al KT 99.90%; L-a- B % 1R
(Methionine) iy B.R.Z%, IR EILIR) 57, 4ifE K
T99.50%; ek AR .

AR AL R BRE R SCR[4, 51T VRS K.
TERE S i) 2% R R e, X SCHR[STH B s 7 4 AR 1 7
LA RE, oK 5 AR AR L CCIR T oA 1L 30)98
AFET 10, AN T RS T R ED
Zn(Met)SO4H,O(s) ) At PLiE. Hhik, > EIvER —
N, B TBREEES AR K. B TKNART
BE . IS A HUA AL A= i R B, B0 &4 1 2 %
M Zn(Met)SO,H,O(s). HIECNH] 1160 BT 3 73 U
255 BT TR SE TAZAE i AR 99.90% LA |, 77
R B A AR R R S5 PRI VA I I A W
FEMIEER . A ISR LS SR AE, e AU
1) TG, FTIR PAJ X STk RATH 4 0T5E, 7E3CHR [4]
AR TRTEA A,

1.2 HRBEEASNE

AU AAERE PRI 2 2 A TR R B R A 2 BRI 5T
FITAA B AR 25 S8 5 T IR /IR SRS 3 18 B 4 HA e
BERRIT I, A OIS E ) SR BRI 45 K 4N A SCR[6]
CLEHHiE

REEE R 3.9066 g, H10.0119 mol(7 154 328.684
gemol ). FAZRI Rk LA I B 2 AR AZ B AL 1% 7
PR PREAT I, M VS E 78~370 K. WAAEN

AURAL FESR LR ISP/ 0.2~0.4 Kemin ', i
FHEBBEHIAE 2~4 K. AEMEEFES, NS m A
2 T 2 v L Bh3IAE 0.001 K LAWY, 528 s 1
S A L R AR A 2T A B IAE 107 ~107* Kemin '
DAPY. SRS, A4S i AE R 5 E A 1) AT R L
P38 TS A B R S I AL B

h T UF SR A AFAE VI L 25 S v, Piskil
BT EHERHESHE YN a-ALO; 7£ 78~400 K i [X [ 2
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1.3 HEGmbREEE R A BUKE B E
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SRC-100 RS~ S N T FHEAT . %G o 1 JR
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K TR AR Y AR S 6 RN FLRR S 56 7 AR R
FH 25 7RG S R v BEL 17 T 9 i e M R 5 2 P 1)
B S B RAERARFE R ekl . S v 6e 4 i F
BRUCH il S0 45 5 R, Tl f bR e I VRS . W
gt S R PR S S 1404 2 B U o T AR A IE A #.
U ARG T KB RS FE O £0.001 K, AT
DR R ABE A £0.0001 K. SZEGHE T — B hilde 7=
298.15 K, i B it F (R LA b 7K R B I B e
+0.001 K PLN. 7E 298.15 K &, HIEFEE bRk Rt
(R FRHEY) BT THAM (NBS-742a)7F 0.1 molsdm * £
B R SN 8, R KCL 78— YR 748 7K Hh R s A 2 1l
i, ORI UE A I MERG L. 45 R, Seas A 5 SCk
brAES 2 B O Ta] ARG iR 25 4E £0.30% LA,
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IF TAEAXKE i P ) BT 22 250(6.07%) FE AW . Fvisith
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BRI KR (323.15 K)MIZE 6.55 K, AW &, Wil ik
7 AR i 22 1) S SR DR AT R A2 BT TG S 56 3 IR
MWL T 23R K, G TR B 7K PR JE e K A= A
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IOt AU PR AR ARG, LSS — 2 S s M 7K IR 1 2% B 7 23 0
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SR RE AL IT 25 22 100 Pa LUK, LAR7 12 T W B 7K (1)
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Table 1 Experimental molar heat capacities of the complex Zn(Met)SO,+H,0(s) (M=328.684 gemol ')

T/K Cp. /(K 'emol ") T/K Cpo/(JoK 'emol ") T/K Cpo/(JK 'emol ")
78.065 136.196 157.857 259.446 298.319 442.359
80.167 138.877 159.523 260.888 300.137 444,729
82.136 141.866 161.181 263.887 302.333 446.378
84.105 144.751 162.855 264.495 304.605 449367
86.058 149.376 164.520 267.587 306.422 452355
87.966 151.449 166.186 270.678 308.466 456.065
89.784 154.644 169.367 273.152 310.359 457.882
91.569 157.684 173.986 278.922 312.339 460.696
93.343 160.002 178.605 283.147 313.313 462.571
95.159 163.094 183.224 288.609 315.325 465.529
97.129 166.701 187.691 294.483 317.272 469.928
99.401 170.823 192.159 299.635 319.381 474.689
101.596 174.429 196.626 304.891 321.490 481.831
103.792 177.521 201.018 309.734 323.373 489.117
105.988 183.292 205.409 313.341 325.319 496.547
108.059 187.076 209.726 317.051 327.234 505.347
110.153 191.329 214.042 322.512 329.181 514.797
112.197 193.699 218.358 327.768 331.193 527.493
114.166 197.101 222.674 333.333 333.238 539.106
116.210 200.810 226.839 339.309 335.044 551.249
118.179 203.077 231.079 344.256 336.929 561.554
120.148 205.654 235319 350.748 338.830 572.958
122.041 208.642 239.484 355.797 341.124 588.230
123.934 210.599 243.725 362.221 342.617 601.647
125.857 212.541 248.041 367.958 344.085 615.949
127.737 214.825 252.281 373.934 346.413 635.623
129.601 217.115 256.597 381.354 348.372 656.6752
131.430 220.389 260.838 388.155 350.178 672.481
133.248 222.759 265.078 394.682 352.189 687.024
135.065 225.852 269.319 399.078 354.403 709.091
136.882 228.118 273.559 404.540 357.287 729.151
138.699 230.386 275.906 408.868 358.829 746.955
140.517 233.271 277.723 411.238 360.439 758.740
142.258 236.569 280.525 414.776 362.317 774.538
144.001 239.454 282.948 417.834 362.786 781.058
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T/K Cp. /(K 'emol ") T/K Cp/(JK 'emol ") T/K Cpo/(JK 'emol ")
145.742 242.236 284.841 420.822 364.212 795.654
147.520 245.063 286.128 422.471 365.485 805.439
149.225 246.667 288.173 426.181 366.744 815.411
150.966 249.038 290.142 428.551 367.951 826.946
152.708 252.129 292.413 431.230 369.312 835.392
154.414 254.838 294.231 434.631
156.119 256.224 296.805 438.546
900 Cpm(Cal ) IRIAHS i 22 #8AE £ 0.3% LA .
800 22 HBNFEH
i B AR AL 2 07 R, ] DAVE S Al X A i
jva 45122 ] Y RUPEP PR, FEIXMEX S 2 S (D |, B
&) ] = IR TR B R R AN
300 - a
200 l° Hoy—H ZJT c
0 “‘ : (T) (298.15K)™ | g0 15— pom
. . . . . .
100 150 200 T/K250 300 350 S(T)_S(298,15 0= gg.lscp,mT—ldT

Bl 1 FE5 Zn(Met)SO4 H,0(s) I S0 B IR P 551 BE 1) 56 2
iiiE24

Figure 1 The curve of the experimental molar heat capacities of

the sample vs. the temperature (7)

F4h, WAV IZLE 330 K LU H 18 i
KIS, AN I — IR K0, X nT gt i T
S5 i KAE SR IC & 4 0 i 2 B R, FE B ACK,
TEHEAN Y I P IG TRoRE Tt 2 ), K TF R G —
3 T B TR B A B AR B R, 55— D T e TR
st Yt P 7K 28R g TR SR 8 A A5 R K 1 3 A2 AR
KA. AR R S ARSI A I, 0 S [ - A A
Je 7K, ) 7K 7850 AN TS K 1 A 7 A A S
P AT

KR FE TR 329.70 K Ab2r i, BrLL, G
MG 2B 78~329.2 K i [X. KHZH X 1 101 A4NEE
IR LG AU B/ B G, A3 3] — AN BRI
(Cp )L BE (DI 2 T T 7, R
Cpo/(J*K 'emol ")=311.599+154.740X+

42.469X°+12.777X° —

120.574X*+18.886X°+90.585X°
Kb X NI ERE, X=(T—203.6)/125.6. i%Jj FidE 78~
329.2 K X AL

Rk DX PR 222 PR A ) S R DLA, S R R AR AE
Cpm(Exp.) 5l i 22 190 77 5 Jr v 550t 10 7 1 F 2{H

T T 1
G(T)_G(298'15K):.[298.15C”’de_T.j298.1scp’m.T dr
Tk o, H IR 22 Tl 7 FE AT BUE AR 4 ]
PL3RAS 298.15~329.2 K L IX NEERE 5 K 322 R %L
i, FF+3% 2.
2.3 BLA Zn(Met)SO4oH,O(s)BIHRAEEE /R4 B kS
FrdE BE IR AR A (DN 5 S AE S TR A 29815 K F, 4%
FHME 2 N 5 FE BT Hess LA IR HEAT 1)
ZnS0O,+7H,0(s)+Met(s)=
Zn(Met)SO,+H,0(s)+6H,0(1) (1)

fa b F N B (D o R ECA LG, BLFK
YR EZ02h 0.001 mol [ HAREL A Zn(Met)SO,4e
H,O(s) A FEUE, 43 A FRE— i 522 10 s B (1) ) | N 4
e, 1 100 em® W N 2 moleL ™! ) Eh R 1E by B
7.

BN ZnSO4THO(s) R Met(s) 73 I AE LSBT A
L. fE T=298.15 K I, #EE/RILN n(ZnSO,e
TH,0) © n(L-Met)y=1 : 1 [{IR S HI(FR I H T3 ER 4l
B TP AR AR P A 2 moleL ™" (SRR . 6 YNt T 75 2]
(IR (A H oy )45 RANAESR 3 . #5474 100 cm’ ¥k
J 4 2 molsL ™' [ R 1%, T

{ZnSO,4*TH,0(s)+Met(s)} +“s” =¥ A (Solution A)
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Table 2 Thermodynamic functions of the complex Zn(Met)SO,4*H,O(s)

K Cpu/(J°K 'smol™")  (Hr—Haossk)/(Jemol ) (Sr—S0s.15)/(J*K " 'smol ') (Gr—Gaog1sx)/(Jemol )
298.15 438.845 0 0 0
300 441.738 813.63 2.7785 —19.921
305 450.006 3039.9 10.307 —103.84
310 459.117 5308.8 17.874 —232.03
315 469.354 7625.0 25.493 —405.25
320 481.051 9994.9 33.186 —624.60
325 494.606 12426 40.978 —891.32

R Zn(MeySOHO@ )6/ U T4 TACRAUD, SRR DL R R S H I 0 R 0
TR, LRI MRS, RE IR B2, TRV BRI, AgHS =O0.

NIRRT  R BP0, /5 T=298.15 K 1% W Hess 52 M, I (1) FI K A2 (AH o) BE 55 M

INF, K4 0.33 g ) Zn(Met)SO,H,O(s)IEf#7E 100 cm® ik {ZnSO4+7TH,0(s) + L-Met(s)}( AgHS, ) F {Zn(Met)SO,e

FE 2 moleL ™! (KRR, BRI A" R HLO(5)} ( AqH o YYEV R TSRS 152 0 F
{Zn(Met)SO4°H20} +4“s7= #ﬁ*/{ﬁi Al A H = Ad (Ad + AdHe 3 )_

6 XSG T B IRV IR (Ag Hm VAT RA T2 4 . —(141.77i0,11) KJemol !

B FE R LR R A

REA BRRA AdH,i (Met, s)=—(577.50%0.70) kJemol ' ('
{6H,0(1)} + Solution A'=Solution A AgHS (ZnSO4+7TH,0, s)=—3077.75 kJemol ' '

p _ - o1 1[13]

Bt SERE R AEIOKER 0,108 g AsHn (H,0, h=—(285.83020.042) ktmel

£ 3 [ZnSO4TH,0(s)+Met(s) (YR ELL =1 © 1)IRAIWARAE 2 moleL™" R T iryva s
Table 3 Dissolution enthalpy of [ZnSO4+7H,0(s)+Met(s)] mixture [1 : 1 (molar ratio)] in 2 moleL™" HCI

No. Mytel/E Mz050,-7H,0(8) AE/mV AE/mV t/s (oM AgHy /(k]-molfl)
1 0.1498 0.2887 —2.0436 2.0732 698.4 —71.65 —70.41
2 0.1497 0.2885 —2.2079 2.2155 693.6 —71.93 —70.74
3 0.1499 0.2889 —2.0076 2.0616 710.4 —71.99 —70.70
4 0.1496 0.2883 —2.1554 2.1825 697.8 —71.72 —70.57
5 0.1495 0.2881 —2.1827 2.2145 700.1 —71.82 —70.72
6 0.1501 0.2893 —2.1669 2.2047 703.5 —71.96 —70.57

Ave. AgHS, /(kJsmol )=—(70.62+0.05)
¢ R N TR AE— R 52 U 18] 1) R IR CSOAR A, AE—RF ol v A 300 ) 1) P S X8R +— PR S AR ;. O— ﬁ%@ﬁ#ﬂﬁ%’zu AgH o —FE
IRV, AgH i /(KJemol =10 *(AEJAE)*FRes(1/n), Torh R— St H s i BL(7=298.15 K B} R=1017.2 Q), [— ks idid v ag i s i
(I=10.115 mA), n—Ff 5 ({4 5 () & (mol).

R4 WY Zn(Met)SO,HO(s)7E 2 moleL ™' 5 IR H (K1 ¥ it s
Table 4 Dissolution enthalpy of Zn(Met)SO4*H,O(s) in 2 molsL ™' HCI

No. M zn(Me50,150 B AE/mV AEJ/mV s 01 AgH > /(kJomol )
1 0.3344 1.6008 1.8916 662.5 59.36 58.35
2 03342 1.5865 1.9376 683.4 59.21 58.25
3 0.3346 1.5943 1.9073 672.1 59.52 58.47
4 0.3339 1.6351 1.9679 676.6 59.44 58.51
5 03337 1.5888 1.9679 696.7 59.44 58.54
6 0.3351 1.6574 1.9856 672.2 59.53 5839

Ave. AgHg, /(kJsmol™")=(58.42+0.05)
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EMLE,

R A Zn(Met)SO4H,0(s) [F1 Bk
TEPR R AR ke, AR 1R ) N R ER 5 .

AgH;, [Zn(Met)SO4+H,0, s|=AH,=AH,—

(AH,+ AH3)+(AH,+ AHs— 6AHg) = AH,,  +

AgHy, (ZnSO47H,0, s)+ AyH, (L-Met, s)—

6A4H, (H,0, 1)=—(2069.30+0.74) kJemol .

LA -] WL (UV-Vis  spectroscopy) F1 T ) 45 41
(refractive indices) ()45 F I J) il P4 I IR A0, 27 4 BRI

) B JO R A A ) 1) 5 AR . HH SO (1) H B N A A
PR AR T A 2 I R A R AN AT LT 528
AARF ) UV-Vis Yl &, il 2 fros. % A Ifdrets
4 (1.379240.0008), #E A'(1.378940.0009). Hilk
AIRLE H, WA R AR T2 T 2R3, X
e 2l SR W] PR VA R G A AP SRR ). PRIk, B e ot
) Hess #AbAMEH 2 A HEM, Ret HRITHECA
Zn(Met)SO4H,O(s) (I hrHE BE R A2 e

RS HEE A Zn(Met)SO4HyO(s) i BE /R A ekt ) [N s
Table 5 Reaction scheme to determine standard molar enthalpy of formation of Zn(Met)SO,4*H,0(s)

No.  Reaction scheme AgHE or (AgHS F06,)%(kJsmol ")
1 {ZnSO,*7H,0(s) and Met(s)} +“s™=Solution A —(70.62+0.05) (AH))
2 {Zn(Met)SO4#H,0(s)} +“s”=Solution A’ (58.4240.05) (AHy)
3 Solution A+ {6H,0O(1)} =Solution A 0 (AHy)
4 Zn(s)+S(s)+11/205(g)+ 7THy(g) =ZnSO04+ TH,O(s) —3077.75 (AHy)
5 5C(s)+ 1/2Nx(g)+0x(g)+ 11/2Hx(g) +S(s) = Met(s) —(577.50+0.70) (AHs)
6 1/204(g)+FHy(g)=H0(l) —(285.8340.04) (AHj)
7 Zn(s)+2S(s)+7/20,(g)+ 5C(s)+ 13/2Hs(2)+ 1/2Na(g) = Zn(Met)SO,H,O(s) —(2069.300.74) (AH,)
@ Horhes S R A, 2 moleL ! BEM; 00= D (x—X)/ n(n—1) , b n PR x, —ALEIRSR IR —TERE X, —ALSSIRAR T,

ABS

21;0 24|10
Wavelength/nm
B2 %A R ARSI 1 2 20) 8 Ah—m WG
Figure 2 UV/Vis spectra of solution A and solution A' (diluted
into 1 1 20)

T T T
220 250 260
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