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WE LB BN, AT B L F RB(Hyanen) 5 — K ABBA[Cu (OAc), H,0] | %5iF

FURL, &k T —H Valen K E BB A WICu(vanen)(HLO)]. WA I A B b skah, g | Volen BRA
HT AR GRS BT, REGREE BT, RN T SR BOITRERER | e

W, ST SR AS B RS AT BE AR B K (A H® ) A ~(16.61 + 0.54) KJ/mol. %54 Ffhte % ﬁ,&;/}iﬁw

WE RN ZE
Hormesis 2 M

By SCHRAE, K AT T4 B Ao BE R A RO (A H ) A —(756.5 + 2.4) kJ/mol. 7E 32C44T,
REXFEMEADNE T TR REESWIER T EE R 780 7= Heol &, Hit 7
FTRKENREN S BEE ARG, o TREWHREZSBEER MY EKERY
Bk WHFE L RAKARDE Poge FIHEIRE 1Cso VLKA B A K 0 F BT ] L
L NESBZ AN K F. SN ERKH, Bby xR HEE £ K AR ER
Pt B IR LA ] # Hormesis 2% R .
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H5 Cu™ AT RAL, A5 T — MR AT, £ X
S 2 SR AT S o A A5 R, HLSS A AE BT SO 2

A, (B AG 2 PEJT S H T A 24 R DLl

FAAL AT TT AT AR S N2 A5 4 2 SO ) 44 7 57 B
W, FRREMZ KSR R, HUE SR E
WS EF PR SRR, TEERZ, EMEImN
HPEEIERAS R, B EPTREENE, WO PUR
KL BT R AT R A RS2 ik, AR
FHAEC IR ¥ A e P S & 0 B A A v R T T
FC, AT T BCAL B RE A o BE IR B kS DL TE & )
bR AE BE /R A . I, 38 P R RGE R 7T T &
%ok SREP 2R L T A4 M A A A R R i AT R
X TR < e TR 0 I A 0 AU e E T 4 A P ) A
BEASAE, SRR T 259 B AT 2

2 I

2.1 A S

HlE, 8. SRFERE. 4. —/KEERR
HIN,N-—"H1 5 F 5t Jig (DMIF) 35 220 g ot i, T Lt
25 4.

S 2T % BE(ATCC8739), HIJ 444 A W
FCRTAAE P B A G PO, EMM 15 9% 35 f 15 |
AN BUNH,CI 5.0 g.K,HPO, 3.0 g.Na,HPO, 2.2 g
HwIBE 20 g EHLER 20 mL. 4E4: K 1.0 mL FIF i
JGE 0.1 mL VAT 1000 mL — X Z&MKd, 120°C &
KB 30 min, JiCE VKA % .

{8 B 21 4156 1% (Avatar360, Nicolet A #], 38
), 24T WG IE{X (U-3010, Hitachi A&, HA);

| Cu(OAc), H,0(s) |+| szanen(s)|

+Calorimetric
Ak (2) solvent S

Solution A

AsHR (3)

Solution B [ZZZZIIIII1

B BChr SR A 2 i 3
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AHE (1)

WAY-IS BB VU746 60 LRt 2 R A AT IR A A,
Hi[E); Smart-1000 CCD X H kA7 51X (Bruker A ], 1%
[E]); 3V A - S B B A (SRC-100, IR %,
E); \iEiE MG R ERRE Y (Thermometric AB A
a1, ), MAETEEEA 0~600 mW, JIEHKEEE J 2 uW.

22 EEVINA K

A A B G5 20 %R J g R S A I A R T
IRAEZ SRR R A RIS, DL AR A, K
EERE S £ gk 2:1 PRI R IR TR 1~2 h
12 3% 8. 4> MIFREL 1 x 107 mol & Kb 5 1 x 107
mol FETRHVE T 30 mL B, HiE TR N 2 h,
BERECWRCEY, YR ELS R ER TR
aii. I EWHTIK GERE 5~6 K, RIEET
S0CHEHEM T T2 EE, [IRECHK.

2.3 PARZAIEEREI T

B ERERA I ER % AHEHEE
(8 BGR T, IR BT BE A N4 R W A i A 3
HFR &S I AL A 0, D e 45 21 BEBE AT BE ) b v
AR B, D e O BB A, AR RO AL
SNV T UL 1 PR A SRR, Herh B HGE
S 4 DMF. %% I A 083 [ 5 e 2515 D0
fh, HIERRCR R

N T ORI B T A FAAL S PR IR 1 5 R A DL R KL
PR ATEEPE, FATIE 1 B A D (B DI
S TE R HAOEER. SR EIR, BB S D K%
SEIEILFE A (K 2), FrtRibe emss, XRY
W B S D MR A — B, RUAL T IR

[Cu(vanen)(H,0)(s) | +| 2HOAc(1)|

AgHP (4) | +Calorimetric
solvent S

Solution C |

AsHg, (5)

ZIIIIIIIIIZ| Solution D I
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B2 B 5D AL E
PES Bk, B RZ A SR A A R

24 BEHI 2

TEW 58 B S A RS 2 J, A B B A g 4E
TR AR N G T hR e, BLARFR 8 J7 8 AR I
JRER. it WOCHR[9). TEIREEN 298.15 K MIZIET,
W52 FEHE KCI 7E = FEZ818/K (100 mL)H IV RIS, 5 1%
SPATIIE JG SR ILPHME, 73 A H) (KCI (s), 298.15 K) =
(17568 + 13) J/mol. ZAH 5 AH R4 TIN5 SCk (™!
HIEL, RZE/NT 0.5%, X360 A s i B R T 5

Ry DR i — 7K A T TR 4 A1 UK 55 R 341 R 43 A 4l
1] 6 11 R SR B FEC A Aok FH B 65 ot 1 D7 VR R AT 4R
ali, Wit EDTA 25t iAW T b, 4R ER,
AR T 99%. £ [ 4R 5 35 1047 78 0 08
(50°C). HWFEE, DUGid BAS 6 B iR 2. 78 & i FE
Hh, FE R KRS (5 FE O 7 9(298.150 £ 0.001) K, #t
FLM A F I # B A 1212.3 Q, @I AR N 11.714
mA, I I R R &R BE 4 i) £ 0.001 1
+ 0.0001 K. ¥&f N AEF FOMR A AT, B 0001
R %N 100 mL. 2475 5 F 5@ £ (298.150 =
0.001) K I, KRR MIAE S i 2 AGEF R, W52 F I
JPIBEEE 1 BRI IR, BRI E 5 X,
MRy T3 1.

2.5 SRP S5 R B PG b 2 A e

TENLE N 32°CIIRE T, R 22 U AR 0 S
ZUTH LR AL 28, ¥ 5 mL EMM 3338 T 25
mL B HOR S, FREE M T YES Bigidtidh, #2

FEN 1 x 10° cells/mL, Pt &35 — R AU i
W, MBI T B R, s, 5, &
ISR A RS, RS R TN ZE
FRIE, AT HE R, ESHLS 32 CRERE A K
RARThE, 2f| IR - [ (P-n i k. MR N E
S 3 IR

3 GiREWE

3.1 SMRGH R AN 5 A

X SRR GATHR O R, WA TR T &
R, BN P H ARG 3 FTR, Cu*tl
SHEAL, R SEAARFIPEA N R R 2 My O J7
FEAL, FE, 5 1 4K5F B O HRE TR

FIRE, MECARFIEL AP LA 0E (B 4) 7R aT 43
FCARTE 3424 cm™ Je A A7AE — A58 110 98 O iU, %
W NAFELE > T N A O-H MgEiRENE. B AT
3459 cm™ Ab TR IS A SR TR SR, X IR A A )
TE AT FR 3L O—H S, X451 2 B 1) I
T2 & W vh &5 K () O—H AR 4 R 3h BT 3. Cu* (TR
RIAEAS 5T AT 2, C=N S 98 B 52 3] 1 5,
HARGEIRENIEH 1632 cm™ B E 1644 cm™'. [HHT,
Cu {5 N BEA L0 A3 i 7 e K fgmi, Horpr, 2%
TR S0 P W AL UG KT R 40 8%, SRR T AN S AR E
IR ERRIE T E ) Ph—O (4R IREht i R 1252
em B E 1242 em™, MRS EJE T2 IAIK) C-0
HZEIREN IR R AR E(1083 em™), X Cu® fHELAL
HARSHHEIL IR RGN, 8% E Cu BT
oW, 55 5 — X L i EUR R AT
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Transmittance (%)
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H, vanen

Cu(vansn) H,0

e U o)
\1 / /Tw f /

"

M ‘J m

I

Wavenumber (cm-7)

1500 1000 500

BeAh, HEUNE TR RS E A W R AL T
FC A4 ) A CASZ G NLO, i

3.2 ELE YA bR R EER A S

AR BT TE I AL 22 R (B 1), MU &R i
HI bR AR BE RIS b AT Il e, e 5 R MR 1.0 )
P 5 W e A DL R b 2 R, C A e S I A BE R
SR T AR S B0 I 1S VR A e 15

AHm (1)

=AHw(2) + AHnB) —=AHn (@)= 2AHn (5)

=[27.52+(~27.39)-31.34—2x(~7.30)]

+,(0.16)* +(0.36)> +(0.15)* +(2x0.17)*

= —(16.61£0.54) kJ/mol

Bl 4 % KRB (Hyvanen) MR & 4 [Cu(vanen)(H,0)] I L4k AR 56 07 e 3, o BE R R MK 5 N R
i 1 JOR I bR 1 BE JR AR B A I R R R
#£1 EEHN298.15 K I, [Hyvanen (s)]+ [Cu(OAc),H,O (s)]+ [Cu(vanen)(H,0) (s)|FI[HOAc (D)FEEHA T S BiAH &5 I
(100 mL)H K R4
System NO. m® (g) t?(s) AH!  (kJ/mol)
1 0.1640 79.37 27.5725
2 0.1640 77.58 27.4814
Hyvanen(s) in S 3 0.1639 77.53 27.4120
4 0.1641 77.40 27.3582
5 0.1640 77.75 27.7642

Cu(OAc),"H,0(s)
in the solution A

[Cu(vanen)(H,0)] (s) in S

HOAc
in the solution C

A H [Hyvanen (s), 298.15 K] = (27.52 = 0.16 ) kJ/mol

s fm

1
2
3
4
5

0.0998 97.18 -27.0816
0.0999 95.51 -27.6101
0.0999 96.04 —27.8151
0.1001 96.32 —27.4717
0.0998 96.73 —26.9489

AH? [Cu(OAC),'Hy0 (s), 298.15 K] = —(27.39 = 0.36) kJ/mol

s im

1
2
3
4
5

A H [Cu(vanen)(H;0) (s),

[ S S

A H? (HOAc)

0.2040 83.74 31.3524
0.2039 91.04 31.5755
0.2040 90.53 31.3294
0.2040 90.58 31.1472
0.2041 90.76 31.3010

298.15 K] = (31.34 = 0.15) kJ/mol

0.0598 40.48 —7.4954
0.0603 41.58 —-7.3825
0.0604 41.30 —7.1237
0.0603 42.82 -7.1180
0.0601 42.37 -7.3626

=—(7.30 £ 0.17) kJ/mol
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AcH m (1)=A;Hy, [Cu(vanen)(H,0)(s), 298.15 K]
+ 2A:H [HOACc(D), 298.15 K]
—ArH [Havanen(s), 298.15 K]
— ArH o [Cu(OAc), - H,0(s), 298.15 K]
TC A% FFD A A JBE 7R AR R AE A R 2H 2 T A
FeU A, FRAE A A G STk >
AcH o [HOAC(), 298.15 K] = —483.50 kJ/mol
AcH s [Cu(OAc), -H,0(s), 298.15 K] =—1189.1 kJ/mol
AcHY [H,vanen(s), 298.15 K] = —(517.75 + 2.36) kJ/mol
RV AT HE S L A 40 (A T B O A B
AcH Y [Cu(vanen)(H,0)(s), 298.15 K]
= [(~16.61)—2x(—483.50) + (—517.75)

+ (=1189.1)]£+/(0.54)’ +(2.36)

= —(756.5+2.4) kJ/mol

3.3 AR SR RS R A

SRS S 1 A0 M P 2R AR Bt 2

fE 32°CHMT, WE T AFRMREREMEMNT
SIS 2R FEL I B 440 1) A AR 2 i 2, &R
NI A VIR AR AL, HAbF AR 0REE — B 18
X, JEWE T — HAIINTL & Y0 T B A4S
b2k, R R WA 5 P, WzEF R
AR 25 21 I BE TR A 850 K R TR 28 (P ) R T8 (£pna)
(R 2), Hop 2o RE R 08 21 i K5 H I 8 Kk
FATI AT 5 A 1]

3.3.2 SIS RN A A RO AR H B kAR
i1 4G

ik 5 P, B R R AR OGS N S A
T % R A 0 PR A KA i A L P U K R A
Y. FERBUE I, B I AU AT A R

AR

3.3.1

n, = ny exp[k(t—1,)] (D

R, 1~ NIREAE KI5 IO 2E — Bt 18], n, A ng
T3 I ¢ R o B PR IS (A 40 T KR, ke O B BE B ARG
R R AT A B AR o 0 3
AT w,

nw=n,wexplk(t—1,)] 2

4 P, =nw, Py=new, N:

0.0025 ——0 mg/mL
——0.6 mg/mL
—— 1.2 mg/mL
l — 1.8 mg/mL
RS0 ——3.0 mg/mL
——3.6 mg/mL
——4.2 mg/mL
0.0015}
B
a
0.0010
0.0005 |
0.0000 ——=— e
0 200 400 600 800 1000 1200 1400 1600

t (min)

RIS  HCE e AT S AR e 1 2 M A A Al A7 A i 2

B = F explk(t=1,)] 3
14 320 [ P EBOKH 30, 75-:
InP =InF —kt,+kt )

B 5 A Inp-r thdk, Hp 24
P 3 38 14 [XCTR) B 6h 92 ) B A 182 1) T 1 48 2502 K
BEOZBAE NI TN G, M TR ME, B2
R g 6 B 4% A T T BE A Y 1) A K R A (k).
P BE B AL AR (8] 1 BLHEURE T H KA, did
SIS 15 21 1R A K A B T HE B B R B AR AR 2
KA AR, B FEa T
Sit—ty=ts, W ndng=2, Bl P/Py=2
#RDHEE, 15:
In(P,/Py) = k(t — ty) 5)
AR
t6 = In2/k (6)
AR & 09 BEAE F R 15 210 1 2% 20 1 BF 18 19 A2
KR ke AR 8] 16 2951 F 38 2 .

c 5 A JRE X T B v 2 K A 5
GRS (VP NANER: I3 N AN e
BRI N ST L DS 5 2GRS K E
ARK, Tt Y 24 W Rt I BE R 0 AR A AR S
15 & EARDN, WERIUOVIMHIER. 2 T2,
A AR B EL AN R 25 W0 E 77 (1 KD

1 =(k,—k,)[kyx100% @)
A, ko R AT 12 2R 52 B 259 1 B B A2 A AR

R, ke RRMRAEIREN ¢ MAMERTIRAEK
ARBHE A H AL, M0 1 W5E SONZWIRAm G . B8, 1

3.3.3
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K2 32°CHS SR IHEE BN MR A R RS A AE R AR A I A8 1 5 4

c? (g/L) fmax (Min) Prax (W) k" (min™) 16 © (min) RY 1°
0.00 1014.8 0.00214 0.00334 + 2x107° 207.5 0.9991 0
0.60 1007.8 0.00182 0.00347 + 1x107° 199.8 0.9987 -3.89 + 0.05
1.20 998.8 0.00151 0.00358 +2x107° 193.6 0.9990 ~7.19 £ 0.05
1.80 1000.4 0.00118 0.00320 * 3x107 216.6 0.9987 4.19 £ 0.03
3.00 1112.1 0.00086 0.00285 + 2x107° 24322 0.9993 14.67 + 0.07
3.60 1267.2 0.00061 0.00230 + 1x107° 301.4 0.9990 31.14 £ 0.09
4.20 - 0 - 100

a) TEAWIIREL; b) BERFANALI A AE R H AL o) RIS d) SRR R REG o) M1 6 FIE = MXIRHERE, n =3

R, Hpi

N

=l Be

Jyuisen. AR L SE S, AT

[, FRATE IR 1 HC AP0 R 5 1 B 3 5

T ZLBE R L CE AN RV B B 2R FH R A 2 T
(% 2).

DLA I BT & W0 4F FH I B2 B B 1 AR R T 28 5 204
R, BEEIMNEC A P B 5, BERERE A K
BORE R GARER, 52 RN E 6). XEMRE
JRCAC BE 1) TC A5 A2 o) T 3 400 G P A= A — 5 1 TR A
FH T A B A S ¢ v 1R 12 G A 40 D) xof P ) 4 i 1) 2
KR AIIHINE . IXREH, %A A % S0 R 5
REZH A AR AR 3E . = iR BE A 1Y) Hormesis 2%
m[l‘ﬂ.

MG E 509 T, P B 25 VDI BERR N 1%
IR 2 H ) AR BE (ICs0), S 17 5 25 W 0 B e 1 v
RHIFRHE. 25901 ICso kX, Ui 25 bR Ae
e, R NEGE. B 6 F I-c ME&REH BN &
PANTE P B, K1 BRI G nT AR B W R 7 A

I = 0.01629exp(c/0.48423) + 4.6366 )

Hirb 1.80 g/L < ¢ wan <420 g/L, R = 0.9984. fta]
K ZE AW 1Csy N 3.84 g/L, Bl 941 x 107
mol/L.

B R B0 KR AN R Py LABCIE B AEL T 75 (RIS 1] £
ZIMISR AR, TR 5 A 25 AL B A i 2 A,
FAREIUIE 7 PR Prac-c 1 tna-c PERAUE 2R
o, Py BEEC & P00 08 0 2 2 PR Sy, X
Yo IR AR IR B I & W] I BRI A A K —
(21, (E I B B ) e K B B A b,
RV C & P I A7 A2 BR A T BE R b O, Hop
FIEFBLELE A Rtk — R FE. B 7 B fpan-c HIZR
A, FEBARHC S IR AT Bt ZEA LR BT
FasE, TMIAEJE I BE, tma WKW BERE . X UEH, AT
558 v PR TG 5 DR PEE AT B A P8 B 1 A B R 1 .

4 g

ARFF RS £ I RS Cu®* A 101 #EATFLAL
T HUBC S [Cu(vanen)(H,0)], Cu® Be Az T FBs I P
Bz Oy NoO, A7, 3 1E iR VA R - I N GRS 8 T
BC A SN I BR A EE IR B4 —(16.61 + 0.54) kJ/mol,
HETT R HZ LA 20 HOARIE BE 7R AR RO N—(756.5 + 2.4)
kJ/mol. [FJI}, ik 58 4 v R 9T e R S I ik — B HIE

0.0036] S 100
0.0034 4 — \ 1280F 10.0022
8-88%- - 1260F oy =0.00041x + 0.00206 = fmaxC " :
: ] 180 1240F /[ 40.0020
0.0028 /
0.0026 1220 /" Jlo.oots
090251 60 ﬁgg d / '
0.0022 ] - = . ]
T 8'88%3_ £ 1160F 0.0016 -
£0. ] < = 1140} -
£ 00016 4% % 1120k 0.0014 =
ki T T oo
0:0010_ 20 1080 y= 0.89244exp(x/0.63086) 40.0010
0.0008 1060F +1000.71307
0.0006 1040 40.0008
0.00044 L 1020F _—
00002 a7 0 1000 = — . o J0.0006
0.0000 T T T T T 980 1 0.0004
0 1 2 3 4 0 1 2 4"
c(glL) c(glL)

Bl 6 SEIPZIHE I BN M AR AR R B & AR 1
HHREMIRE ¢ KR
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LT RIS EE, ORI RAERY], BE IREEHI Y Hormesis R8I, RGBS PRI
R S R BRI ) AR K B R BE R E L & HIRIVRFEE 1Cso 9 9.41 x 107> mol/L.
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Synthesis, thermochemical and thermokinetic studies on the
mononuclear copper Valen Schiff base complex
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XIAO ShengXiong?, XIE JinQi*, PENG MengNa’, PAN Lan?, WU XiBin?, PENG Xiu?,
TANG ChunGuangZ, ZHANG PingHuaZ, JIANG Cha02, LIU WenQiZ, LI QiangGuoz*

1 School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China
2 Department of Chemistry and Life Science, Xiangnan University, Chenzhou 423043, China
*Corresponding authors (email: xzsong @csu.edu.cn; ligiangguo@163.com)

Abstract: A mononuclear salen-type complex [Cu(vanen)(H,O)] was synthesized from the ligand [Hyvanen = N,N'-
ethylene-bis(3-methoxysalicylideneimine)] and Cu(OAc),-H,O. Based on Hess’ law, a reasonable thermochemical
cycle was designed. According to the cycle, the standard molar enthalpies of dissolution of samples in the
calorimetric solvent of DMF (N,N-dimethylformamide) were determined, respectively. The standard molar enthalpy

change of the coordination reaction (Aer’n) was calculated to be —(16.61 = 0.54) kJ/mol. Combined with some

relevant literature data, the standard molar enthalpy of formation (A, H_ ) of the complex was obtained to be —(756.5
+ 2.4) kJ/mol. At the temperature of 32 °C, the metabolic thermogenetic curves of S. pombe under the influence of
the complex with different concentration were determined by using a TAM air isothermal calorimeter. The
relationships of the concentration of the complex with the microbial growth rate constant (k) of S. pombe, inhibition
ratio (I), the half inhibition concentration (ICsq), the maximum heat output power (Py.) and the time it t00k (Z;4,)
were analyzed. The results indicated that the complex possessed the Hormesis effect, which promoted the growth of
S. pombe at lower concentration, but inhibited the growth at higher concentration.

Keywords: Valen Schiff base, copper complex, thermokinetic parameters, standard molar enthalpy of formation,
microcalorimetry, Hormesis effect
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