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Quantum chemical calculation and FTIR spectra of
interaction between ethoxylcarbonyl thionocarbamate and Cu’ ion
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Abstract: The highest occupied molecular orbit( HOMO) of ethoxylcarbonyl thionocarbamate( EECTC) is com-
posed by p: and p, orbits of thiol sulfur atom. And its lowest unoccupied molecular orbit(LUM O) which can easily
accept and delocalize electrons is constituted by p: orbits of every atoms in the conjugate of —O —C(=0) —N —C
(=S) —0 — group. The t°¢* configuration of Cu* ion can easily donate d-orbital electrons(feedback electrons). As
a result, the interaction between EECTC and Cu® ion is potentially involved in forming 0 bond( EECT C offers elec-
trons of thiol sulfur atom to Cu” ion ) and feedback T bond(Cu* ion donates d-orbital electrons to the LUMO of EE-
CTC). The results of FTIR analysis and quantum chemistry calculation at the HF/3-21G(D) and B3PW91/ 631G
(D) levels for EECTC and Cu( EECTC') which is the reactive product for EECTC and Cu® ion in aqueous solution
show that EECTC acts as a bidentate ligand, bonding with the Cu” ion through the thiol sulfur and carbonyl oxygen

atoms to form a six membered ring structure as in which the N —H bond is shown to dissociate.
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SIM S 5, XPS 5/ HrHi AR Bl ', (B ke S I
R AREIEFIRER S Cut BT 1E A MBS I 5T /D,
WHR A XETF U Ab initio K DFT 15 13k
18 . AEE S A FTIR G flEF4L2% Ab initio
K DFT W5, St ERIEMAR L FREES Cu’
B 2 E B R F AT BB AT .

1 525
1.1 FTIR il

E—E R R CuCl(AR) W NN 2 8 Bk 5
A EIEFRRES(EECTC, 4ifE> 95%) Wik, Ek
KELEETE, S, HKZREEIE, BR
i, KM KBr K 7E3€ E Nicolet 2 ] i) G510P
A FTIR ZAMGIEAN ek Cut & F5 EECTC X
NP Cu( EECTC ) LA A |
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EECTC Ml Cu( EECTC) i) FTIR Jtitan & 1
FioR, SISO LT AMTR LT Re R B S TR 1.
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N —H 7£ 3209 cm, 1534 F1 1182 em™ ' 25 b F HRAT
AR, T Cu( EECTC) AR IUWEAE N —H $R3158
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Z. 5 EECTC Mk, Cu(EECTC)H ) C=0 &
MRS T 44 em™ ", R AT RS A W 5 T
— J5 T 3¢ 3 b B 480 T BB A R R, 15 R A W
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Fig.1 FTIR spectra of EECTC and Cu( EECTC)
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Table 1

absorption band and assignments( cm™ ')

Infrared frequencies of strongest

EECTC Cu( EECTC) Assignments
3209 YN—H)
Around Around .
2900 2900 YW C—H(CH3s and CH2))
1768 1724 YC=0)
1534 §N—H)

YC—0), §N—H),
1263 ¥ C—N), YC=0),
YC=S8), §C—H(com vib))

1234 Y C—0), § C—H(com vib))

YC—0), YC—N),

1138 § C —H (com vib))

WC—N), &N—H),

1182 § C—H (com vib))
1053 1 045 XC=9),

Y C—0 —C(com vib))

V—Stretch; 6—Bend; com vib —Complex vibration.
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EECTC+ Cu* —Cu(EECTC )+ H* (1)

2.2 BEFHHIUTHE

EECT C FRy 818 41 % H R B T % 2,
B G EHE HOMO FHER S94E LUMO
#70. 0la. u. ISR ILE 2.

EECTC ) HOMO == 2 i i AQ 8 2 v (1) Bt I
T AR, HAoTERE KA BRI 71 pe « py $U0HE,
HE R PR A] 2% . EECTC ) LUMO HIEfE
H—0—C(=0) N-—-C(=S) O0—HFIRTH
p. FUEA B, MNEREHIZH . LUMO 1 RE= A
MIERE ST, LUMO A—ANK i, BARIRN
B MR FXEES. T Cu” FMHEFEHA
t'e', HA MBI FHEES . K, M EECTC 5
Cu" BFRERMNME, B5%/Z EECTC W Cu" BT

AL AR RIR TR T, REHRJET
f Cu™ B T A fEM EECTC ) LUMO 24t d #hiE
T, TR I T,

R4E EECTC . Cu( EECTC) B4 Ah il LL &%
EECTC BIRTZHE ek, v ikl (2) i
EECTC 5 Cu* BT RNVFELE .

W EECTC 65 Cu* B 74 i CorEE-
CTC1, #&J5H Gaussian98 ] HF/3-21G(D) %} Cu
EECT C1 #T45titk, FEHERER S HE SN
45t 1) CorEECTC2, & Ja XA 16 i 45 # 3k A
B3PW91/6-31G (D) # 4T 7 it H. EECTC A
Cu(EECTC) It tb 45 49 LI 3, R4 % 2 R
B3PWO1/6-31G(D) iI H TR KY| TR 3.

K 3 A% 3 F£W, EECTCEEH Cc=SHR
FTHMC=0RRFECY BTF4E, mES—Cu

&2 EECTC WRTZPUIE Ak H R

Table 2 Frontier molecular orbital composition and coefficients of EECTC

Atom Combined orbit SOMO HOMO LUMO SUMO
, 2p: 0. 084 06 - 0.005 28 0. 13085 - 0.19057
0 3p: 0. 058 23 - 0.005 33 0. 109 05 - 0.19509
. 2p: - 0.03529 0. 003 29 - 0.24273 0.537 34
¢ 3p: 0. 004 90 0. 005 53 - 0.18424 0.54578
o 2p: - 0.21751 0. 001 75 - 0.11579 - 0.30890
: 3p: - 0.216 05 0. 004 40 - 0.16529 - 0.407 26
. 2p: 0.077 42 0. 007 34 0. 199 28 - 0.33174
0 3p: 0.057 52 0.005 78 0.19279 - 0.36668
12 2p: 0.161 82 0. 00379 0.489 76 0.243 02
¢ 3p: 0. 143 06 0.018 72 0.495 03 0.318 63
2p: - 0.19210 0.032 88 - 0.22877 - 0.07303
3p: -0.17217 0.03379 - 0.23362 - 0.108 56
40 2px 0.011 19 - 0.23453 - 0.006 60 - 0.000 46
2py 0. 026 99 - 0.09315 - 0.01676 - 0.00659
2p: - 0.22041 - 0.023 80 0.12551 0. 040 53
3s 0. 002 04 0.030 74 0. 002 23 0. 001 09
3px - 0.029 16 0.615 61 0.017 92 0. 000 69
3py - 0.07045 0.246 06 0. 045 36 0.017 92
s 3p: 0.574 02 0. 062 64 - 0.33896 - 0.108 46
> 4s 0. 000 35 - 0.029 22 0.002 41 - 0.009 24
4px - 0.017 66 0.33516 0.021 52 0. 006 24
4py - 0.03932 0.147 13 0.044 40 0. 032 04
4p: 0.321 36 0. 034 65 - 0.354 57 -0.17517

EECTC is C2Hs —30 —5C(="10) "NH- 2¢(='38) 40 —C2Hs

Frontier molecular orbital energies of SOMO, HOMO, LUMO and SUMO are — 0.245 37, — 0.217 29, - 0.034 96 and 0. 062 15 a. u.
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Fig. 2 Frontier molecular orbits for EECTC at isosurface value of 0. 010 a. u.
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Fig. 3 Optimized geometries of EECT C and Cu(EECTC') at HF/3-21G(D) level
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Table 3 Selected bond lengths of EECTC and Cu(EECTC') (nm)

Chemical bond EECTCY Cu(EECTC) Ar Experimental value Standard valuel '

30 —5C 0.1350 0.1332 - 0.0018 0.1322? C—00.143
c—1o 0.1198 0.1273 0.007 5 0.1200? C=00.121
6C —1ON 0.1379 0.1319 - 0.0060 0.137 4? C—N 0. 147
0N —12¢ 0.136 2 0.1293 - 0.0069 0.137 4? C=N0.134
2¢ 13 0.1637 0.1756 0.0119 0.166 62 . 0. 167° C—S0.182
2¢—-140 0.1343 0.1330 - 0.0013 0. 135%
S —Cu 0.2047
10 —Cu 0.1799 0.192 62

1) —C2Hs =30 —°C(=!10)°NH —'2¢(="1S) 1“0 —C,Hs;

2) —C2Hs*0 —fCc(="0) —'°NH —"2C(="S) —NH —Ce¢Hs —(p —NO2)*;

3) —C2Hs™0 —"2¢(="s)s 14
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