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Abstract Low-temperature heat capacities of complex Zn(Met)SO,4+H,0O(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 (To=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 (Cpm) Vs. the temperature (T) 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 asA,H,,=—(2069.30+ 0.74) kJmol ™, by using an isoperibol solution-reaction calorimeter,
designing athermochemical cycle and choosing 100 mL of 2 molsdm 3 HCI as calorimetric solvent.
Keywords Zn(Met)SO4H,O(s); adiabatic calorimetry; low-temperature heat capacity; isoperibol solu-
tion-reaction calorimetry; standard molar enthalpy of formation
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POz 2R ) A2, AEE KT 99.90%; L-a- 2 1R
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Tablel Experimental molar heat capacities of the complex Zn(Met)SOeH,0(s) (M=328.684 gemol %)

TIK Cp, m/(JK Temol 1) TIK Com/(FK smol %) TIK Com/(FK smol )
78.065 136.196 157.857 250.446 298.319 442.359
80.167 138.877 159.523 260.888 300.137 444729
82.136 141.866 161.181 263.887 302.333 446.378
84.105 144.751 162.855 264.495 304.605 449.367
86.058 149.376 164.520 267.587 306.422 452.355
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 322512 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
120.148 205.654 235.319 350.748 338.830 572.958
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
140517 233.271 277.723 411.238 360.439 758.740
142.258 236.569 280.525 414.776 362.317 774538
144.001 239.454 282.948 417.834 362.786 781.058
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TIK Cp, w/(JK emol 1) TIK Com/(FK smol ) TIK Com/(FK smol )

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
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Figurel The curve of the experimental molar heat capacities of
the sample vs. the temperature (T)
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i, #F3& 2+,

2.3 &% Zn(Met)SO,oH,O(s) B HR HE EE /R4 B kS

FrdE BE IR AR A DN 5 A R R 298.15 K T, 4%
NANE A N T R BT Hess Bk 24 AR R 3 T 1)

ZnS0O47H,O(s) +Met(s)=
Zn(Met)SO42H,0(s)+ 6H,0(I) (1)

Fo AL 22 N 7 FE () M R EOCA L, DARR
BRI R 202 0.001 mol 1) HAREE &4 Zn(Met)SO,e
HoO(s) A 2 HE, 43 Al FRH— 5 5 1R S B (1) 0 16 s B 4 i
FAH). 1] 100 om® W 2 molsL ™ (1 SRR 1 Ay B S
7.

K N ZnSOeTHO(9) 1 Met(s) 735 /1 H Ha i o
HHFA. F T=298.15 K i, #BE/REE A n(ZnSOue
7H,0) : n(L-Met)=1 : 1 FRA Y (PR i T i 4k
B TT) VAR T b 2 moleL ™ (R b . 6 Vil T 73 3]
IR (DgHm ) 45 RAIFESR 3 Hh. 2592l 100 em® ik
JE 4 2 molsL iy Eh R, NI

{ZNnSO4+7H,0(s) +Met(s)} +“s” =¥ A (Solution A)
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Table2 Thermodynamic functions of the complex Zn(Met)SO,*H,0(s)

TIK Cond (J'Kfl’morl) (Hr—Hagg 15x)/ (J'morl) (Sr—Ses.15k)/ (J‘Kfl'morl) (Gr—Gggg1sx)/ (J'morl)
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

SN ) Zn(Met) SO HO(9) JAE LA THRAS Tk R/, R IR L AR R AAE P oH I e 22 3
T, R LR TR M K gy AR RS (1) FlZ W, ATLL g AN, Bk, AgHq s =0.

SR ) ok R BRI,/ T=298.15 K 7 Hess &, SV (1) 1 K% A2 (AHm ) BE %

I, K% 0.33 g ) Zn(Met)SO,oH,O(s) % fi#7F 100 cm® i {ZNnSO,*7H,O(s) + L-Met(9)}( AqHo1 ) Fl {Zn(Met)SO4e

£y 2 molsL ™t (f 8RR, 9 EI A" BRI HaO(9)} (AdH & )E VAR T I AR V52
{Zn(Me)SO,H O} 8" =il A AHm1= BgHm1 —(BgHm2 + BgHms)=

Hi 6 CSEIR T A3 B AR (AgHm2 ) ARSI T3 4 . —(141.77+0.11) kdomol *

R LARIR R

_ _ AgH§, (Met, 8)=—(577.50£0.70) kdemol 12!
{6H,0(1)} + Solution A’= Solution A AgHi, (ZnSO7H,0, 8)= —3077.75 kdmol *1*2

Hi R RLbRE, AR BT MK S 0,108 g, B AaHin (H:0, )= —(285.830:£0.042) kmol "+

E 3 [ZnSO,7H0(9) +Met(S)] (Wi =1 © 1)IRAWIHMEAE 2 moleL ™ BEIE IR RS °
Table3 Dissolution enthalpy of [ZnSO,7H,0(s)+Met(s)] mixture[1 : 1 (molar ratio)] in 2 molsL * HCI

No.  mue/g Mznso,71,0(5) AEJmMV AEJmV t/s QJJ DgH 51 /(kJemol 1)
1 0.1498 0.2887 —2.0436 2.0732 698.4 —7165 —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 —7057
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 —7057

Ave. AgHp 1 /(kJemol ) =—(70.62+0.05)
2 HLrp R (TR AEs— FAR S ST (1) PP AR A, AE—HF it A A U 1) () PP 508 0 t— PR S XU 1, Qe—HF AR IO N, AgH ma — P8
IRV, DgH m1/(kd*mol ™) =10"3(AEJAE)*I?Ree(1/n), Hirh R— Nt nFias B r B (T=298.15 K I R=1017.2 Q), |— bz i i i 4 i
(1=10.115 mA), n—#¥ & 14 5 ¥ 5 (mol).
4 WA Zn(Met)SO»#H,0(9)7E 2 molsL L Eh7R T VA RIS
Table4 Dissolution enthalpy of Zn(Met)SO.H,O(s) in 2 molsL "*HCI

No. Mzn(Mes0,Ho0/9 AEJ/mV AEJmMV t/s QJJ AgHE 2 /(kJemol 1)
1 0.3344 1.6008 1.8916 662.5 59.36 58.35
2 0.3342 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 0.3337 1.5888 1.9679 696.7 59.44 58.54
6 0.3351 1.6574 1.9856 672.2 59.53 58.39

Ave. AgHS ,/(kJmol )=(58.42+0.05)
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EAGE S, AN TR Zn(Met) SO4eH,0(s) I B
FEIRAE R, AR 1 s N S W€ 5 .
AqH r?] [Zn(M et)SO4°H20, S] =AH;=AH;—
(AH2+AH3) + (AH4+ AH5_6AHG) :Aeryl_F
AgHR (ZnSO47H,0, s)+ AgH (L-Met, §)—
6AgH 5 (H,0, 1)=—(2069.30+0.74) kJemol .
e Hh=1] WO 1% (UV-Vis spectroscopy) AT ' 5 %k
(refractive indices) )£t 5L 72 Fl il PA R s VR IR A0, 27 4 BRI

B 48

Wy B T A AR (R 1) 2 AR . BRSO (L) S S ) A
PR T AT B IR (VR A R A AT LT 58
AR UV-Vis itk B, il 2 s, # A 3mkis
¥ 3(1.3792+0.0008), #ik A4 (1.3789+0.0009). Hilk
TG H, A R AR T 25 R3O 2R3, X
L5 SR W W R M ) S5 R AR SR IR DALk, P iRt
1) Hess b A58 2 & BLIY, REf ORI G 9
Zn(Met)SO4eH,O(S) (1 bR HE B IR A i

K5 HERAY Zn(Met)SOueH0(S) bRy FE /R A i 1) B B kI
Table5 Reaction scheme to determine standard molar enthalpy of formation of Zn(Met)SO4H,O(s)

No. Reaction scheme

AgH S or (AgHE 0¥ (kdmol Y

1 {ZnS0O,+7H,0(s) and Met(s)} +“s’ =Solution A

2 {Zn(Met)SO,H,0O(s)} +“s" =Solution A

3 Solution A+{6H,0(])} = Solution A

4 Zn(s)+ () + 11/20,(g) + 7H,(g) = ZnSO,+7H,O(S)
5 5C(s)+ 1/2Ny(g)+ O4(g) + 11/2H,(g) + S(s) =Met(s)
6 17204(g) +Hz(g) =H20(1)

7

Zn(9)+2S(8)+ 7/20,(g) + 5C(8) + 13/2Ha(g) + 1/2N,(g) = Zn(Met) SOz H,0(9)

—(70.6240.05) (AH,)
(58.42+0.05) (AH,)

0 (AHs)

—3077.75 (AHy)
—(577.500.70) (AHs)
—(285.8370.04) (AHq)
—(2069.30+0.74) (AH,)

® b SR R, 2 moleL 41 0= |3 (xR n(n—1) , Jork nIHRACG %, ARSI I X, LS AT .

ABS
ABS

T T T T T
220 230 240 250 260
Wavelength/nm

2 A RV ARSI 10 20) 58 Ah-m] DG i
Figure 2 UV/Vis spectra of solution A and solution A" (diluted
intol: 20)
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