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Abstract: Low-temperature heat capacities of the complex Zn(Phe)(NO;),* H;O(s) (Phe: phenylalanine) 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 (7,=(324.27+0.37) K) has been obtained by means of the
analysis of the 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, dissolution enthalpies of the mixtures {ZnSO,* 7H,0(s)+2NaNO;(s)+L-Phe(s)} and {Zn(Phe)(NOs),* H,O(s)+
Na,SO,4(s)} in 2 mol-L™ HCI were measured to be: AH,,=(69.42+0.05) kJ -mol™ and AH,=(48.1420.04) kJ - mol™,
by using an isoperibol solution-reaction calorimeter. Furthermore, the standard molar enthalpy of formation for the
complex was determined as, AH", =—(1363.10+3.52) kJ -mol~, by designing a thermochemical cycle. In addition, the
reliability of the designed thermochemical cycle has been verified by UV-Vis spectroscopy and the data of the
refractive indices.
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Fig.1 Plots of heat capacities (C,,) against
temperature (T') of the complex Zn(Phe)(NOs),- HO(s)
insert: o) the first series, A) the second series,

+¥r) the third series of heat capacity measurements
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# 1 BLEY Zn(Phe)(NOy), HO(s)HI A ZF EE
Table 1 Thermodynamic functions of the complex

Zn(Phe)(NOs),- H,0(s)
T/K CPJ“ (H7_H29ﬂl'w) (S7_S29ﬂ.15) (GT_GZQ&L'))
Jemol™K" (J'mol™) (J'mol™-K")  (Jemol™)
298.15 496.754 0 0 0
300 500.539 307.98 3.0889 —-618.70
305 511.419 1176.8 11.464 -2319.8
310 523.446 2102.9 19.890 —-4063.0
315 536.898 3092.8 28.386 -5848.9
320 552.091 4154.4 36.976 -7677.8
325 569.382 5297.4 45.685 -9550.1

ZnSO,* TH,O(s)+2NaNOs(s)+L-Phe(s)=
Zn(Phe)(NO;),* H;0(s)+Na,SO,(s)+6H,0(1) 1)

Fe B (D) M RECHEC G, DRI o )
25°40.001 mol H ¥5 Bt & 4 Zn (Phe) (NO,), - H,O(s)
FEUE, S BIFRE— 5 8 A S (1) HH A S L3 F =4
PEFH100 mL¥% B 2 mol - Ll ER BR A Ay s 771

B ZnSO, - THO(s) .NaNOy(s) Fl L-Phe(s)
Ay ITE B ES AR cP BIF A . 75 T=298.15 K I, ¥ BE /R
o n(ZnS0O, 7TH,0(s)):n(NaNO;,(s)):n(L-Phe(s))=1:
2:1 HITR AW (R s FH T v A TR 406 B ) i A e
J& 9 2 mol - L fER R . 75 v T A5 2 A v ks
(AHn)EERHNTESR 2 . #7°S”h 100 mL ¥Ry 2
mol- L™ fyEL g,

{ZnSO,* TH,0(s)+2NaNO;(s)+L-Phe(s)} +“S” =

B A (solution A)

LB W) Zn(Phe)(NO;), - H;O(s) Fl NaySO.(s) 73
AE B R HR F A, 78 T=298.15 K B, K5 EE /R e
Jn[Zn(Phe)(NO,),* H,O(s)]:n[Na,SO,(s)]= 1: 1 [IRA
Yy (- s FH 14 B R 4 B T ) 1 i 7E VA 8 R 2 mol -
L7 fyER R . 7S Uil i T 75 21 AV AR5 (AoHn2 ) 45
YIFEFR3H. 25 “S” 100 mL¥EJEF 2 mol - L fyEh
fig,

{Zn(Phe)(NO;),* H,O(s)+Na,SO,(s) }+“S”=

B A (solution A")

VER (D)= 2 — R {6H0() ), TEVE IR A
RS I 2 AT LA SRR AR

T A'+{6H0() } =15 A

AT UK FERX A b P e R, S HE
SN A 2 i R 7K A AR/ XA R R B S
(AGHS ) A/, TESEI0IN 5 15 2235 [l =2 14, R BB G
F, pridnl Zmg At

¥4 B8 Hess & HE, O (1) %8 A8 (AH,,) BE % 38
14 {ZnSO, * TH,O(s)+2NaNOs(s)+L-Phe(s) } (AH o, ) Fll
{Zn(Phe)(NO,),* HyO(s)+Na,SO,(s) } (AHo ) 1E 1 51
FVE R EIT B T :

AH =0 Y —(AHY  +AH )=
(21.28+0.06) kJ - mol™
U R s 5 — B SOk B AT A #1 T 2A 08,

#£ 2 {ZnSO0,:7H,0(S)+2NaNO;(s)+L-Phe(s)};E &7 2 mol - L' F B h FYiA RIS
Table 2 Dissolution enthalpy of {ZnS0, 7H,0(s)+2NaNO;(s)+L-Phe(s)} mixture in 2 mol-L*HCl

No. m(ZnS0O,* TH,0)/g  m(NaNO,)/g m(Phe)/g AE./mV AE,/mV t./s [oNA) AHy 1 /(KT »mol™)
1 0.2886 0.1706 0.16579 1.9979 2.3595 788.28 69.466 69.22
2 0.2882 0.1704 0.16556 1.9965 2.3619 792.17 69.689 69.53
3 0.2887 0.1707 0.16584 2.0175 2.3668 786.48 69.773 69.50
4 0.2889 0.1708 0.16596 1.9911 2.3704 797.20 69.692 69.37
5 0.2891 0.1709 0.16607 1.9965 2.3583 793.20 69.887 69.52
6 0.2882 0.1704 0.16556 1.9968 2.3629 790.53 69.525 69.37
average (69.42+0.05)

AH, =(AEJAE)PRt(M/m), where R is the electro-resistance (R=1017.2 ); I is the electrical current (/=10.115 mA); M is the molar mass, m is mass

of sample; 7. is heating period of electrical calibration; AE, is the voltage change during the electrical calibration; AE; is the voltage change during the

sample dissolution; Q. is electrical energy of electrical calibration; Q, is heat effect of the dissolution.

£ 3 {Zn(Phe)(NO;),- H,0(s)+Na,S0,(s)} iR &7 2 mol - L 2B R AR #RSS
Table 3 Dissolution enthalpy of {Zn(Phe)(NO;),* H,O(s)+Na,S0,(s)} mixture in 2 mol- L' HCI

No. m(Zn(Phe)(NOs),*H,0)/g  m(NaSO,)/g AE./mV AE,/mV t./s [N AH? /(KT *mol™)
1 0.3740 0.1426 1.5640 1.5866 469.65 48.182 48.01
2 0.3734 0.1424 1.6897 1.6955 465.73 48.304 48.20
3 0.3741 0.1426 1.5364 1.5778 477.85 48.427 48.24
4 0.3743 0.1427 1.6495 1.6703 469.69 48.274 48.05
5 0.3746 0.1428 1.6704 1.6947 471.59 48.377 48.12
6 0.3734 0.1424 1.5718 1.6019 473.19 48.319 48.21

average

(48.14+0.04)
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Table 4 Reaction scheme used to determine the standard molar enthalpy of formation of Zn(Phe)(NOs),* H,0(s)

No. Reactions Formed solution (AH, or AHy+0,)*/(kJ+mol™)
1 {ZnS0O,* TH,0(s)+2NaNO(s)+L-Phe(s) }+“S”=Solution A A (69.42+0.05) (AH))
2 {Zn(Phe)(NO;),* HyO(s)+Na,SO4(s)} +“S”= Solution A’ A’ (48.14+0.04) (AH,)
3 Solution A'+{6H,O(1)}=Solution A A 0 (AH:)
4 Na(s)+(1/2)Nx(g)+(3/2)Ox(g)=NaNOj(s) —466.24 (AH,)
5 Zn(s)+S(s)+(11/2)0x(g)+7H,(g)= ZnSO,* 7TH0(s) -3077.75 (AHs)
6 9C(s)+(11/2)Hy(g)+O0x(g)+(1/2)Nx(g) =L-Phe(s) —(476.21£3.51) (AH,)
7 2Na(s)+S(s)+20=Na,SO,(s) ~1387.08 (AH,)
8 Ha(g)+(1/2)0x(g)=H,O(1) —(285.83+0.04) (AH,)

el

Zn(s)+27C(s)+(35/2)Hx(2)+(13/2)Oy(g)+(5/2)Nx(g)=Zn(Phe)(NOs),* HO(s)

—(1363.10£3.52) (AHs)

6 _
*o,=\/ 2 (x~x)%(n(n-1)) , in which n is the experimental number; x; is a single value in a set of dissolution measurements;
i=1

X is the mean value of a set of measurement results.

AH(Na,SO,(s))=—1387.08 kJ - mol ™", A,H(NaNO,
(s))= —466.24 kJ-mol "2 AH.(ZnSO,* TH,0(s))=
-3077.75 kJ -mol ™, A;H"(L-Phe(s))=—(476.21£3.51)
KkJ - mol I AH S (H,0 (1) =—(285.83+0.04) kJ -mol !
LSS, AR H Zn(Phe)(NOs), HyO(s) R HEBE /K
AR, HOV RN 4 PR,
AHNZn(Phe)(NOs),- H;O(s))=AH,
=AH—~(AH+AH)+(2AH +AH+AH—~AH~6AH,)
=AH,, +2AHYNaNOy(s))+AHYNZnSO, THO(s))+
AH,(L-Phe(s))—AHn(Na,SO4(s))-6A:H(H,O(1)
=—(1363.10+3.52) kJ - mol™
SEAM-AT WL(UV-Vis) 618 AT e £ as 2 H
o PRI R ) e 2 2L S AR P P SO A A [ 1) 22
ACHE . P SN (1) HR 2 Ry 90 AR =40 ) s ik BT A 3] P
WOR A FIEW A EA JLFAHIE R UV-Vis i
B, anE 2 Bios. 3l A MPTHEHEECY (1.6399+
0.0007), %W A’ }(1.6396+0.0006). H A LIF 1,
T A RIS A TSR 2R AR X s )
23 HH VP A A T B 8 A R AR AL DRI E, BT
Hess L AP JE A PRI, RERE HIIITA B AR A
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Fig.2 UV-Vis spectra of solution A and solution A’
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