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4- Density Function Theory (DFT)
5- Core electron
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Bond distances (A°) | Theoretical Experimental Bond angles (°) Theoretical | Experimental
Cu-N40 2.024 2.127 N41-Cu-N40 | 173 163.9
Cu-N41 2.016 2.137 N41-Cu-S37 | 82.8 80.9
Cul-S37 2.562 2.563 N41-Cu-S38 | 96.7 89.2
Cul-S38 2.703 2.558 022-Cu-N41 | 954 96.9
Cul-022 2.146 2.093 019-Cu-N41 | 87.4 93.6
Cul-019 2.170 2.068 N40-Cu-S37 | 82.7 85.4
N40-Cu-S38 | 90.2 81.9
S37-Cu-S37 | 85.1 87.3
022-Cu-N40 | 91.3 95.9
019-Cu-N40 | 94 96.9
022-Cu-S37 | 168.8 173.9
019-Cu-S37 | 102.5 99.7
022-Cu-S38 | 84 86.9
019-Cu-S38 | 171.7 172.8
019-Cu-022 | 88.5 86.2
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Atom Charge(e) | Atom | Charge(e) | Atom | Charge(e)
Cu 0.348 H5 0.275 Ci11 0.338
N40 -0.267 H8 0.276 C12 -0.259
N41 -.0280 H10 0.290 C15 -0.141
019 -0.708 H9 0.272 C39 -0.165
022 -0.710 H29 0.284 C13 -0.158
S37 0.299 H30 0.80 H27 0.297
S38 0.284 C31 -0.571 H26 0.297
C3 0.356 C32 -0.567 H16 0.273
C2 -0.156 H35 0.306 H18 0.289
C6 -0.242 H36 0.270 H17 0.277
C5 -0.141 H33 0.323 H14 0.285
C28 -0.728 H34 0.269 H20 0.440
H21 0.434 H23 0.440 H24 0.436
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Atom Charge(e) | Atom | Charge(e) | Atom Charge(e)
CL20 -0.281 S22 0.294 S19 0.294
C12 -0.118 H15 0.289 Ci14 -0.172
H18 0.263 C15 -0.152 H19 0.267
C13 -0.258 H17 0.255 C11 0.353
Cu 0.128 C24 -0.743 H27 0.306
N32 -0.265 C29 -0.574 C30 -0.574
N31 -0.265 H34 0.292 H35 0.268
H36 0.292 C3 -0.118 H6 0.289
C5 -0.172 H9 0.263 Cc7 -0.152
C4 -0.258 H8 0.255 C2 0.353
C23 -0.743 H35 0.271 H26 0.306
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[CUCI(L) INO3 e oo 93 ShaS sl (2255 55855 s0le5 )| Slouils 3 B-Y Jgur

fre Eu):e%cies B3LYP/6-311++G(d,p)/lanl2dz Characterization of
No. ! Unscale normal modes with
FT-IR? d Scaled® I'Re PEDY (%)
Complex bipiramidal
triangular
A part of structural (C=N)
v C4C7 (39) + v C3C16 (40)
1 1477 1610 1547.21 7.9789 Ly N3ICLI(21)
vN31C11 (22)+ 8
2 - 1517 1457.837 23.0603 H15C12C14 (33) + 8
H6C3C5(33)
3 - 1319 1267.559 2.8896 vN3ICI11 (28)
4 - 1318 1266.598 6.3677 vN3ICI11 (30)
vN31CI11 (27) +v C23C2
3 - 1297 1246.417 1.0494 (13) +v C24C11 (14)
) vN31C11 (26) + v C23C2
4 1294 1243.534 38.5499 (13) + v C24C11 (14)
A part of structural (C-S)
1 760 754 724,504 20089 | | S§1C24 (39) +5 C23C2C4
) ) 10
2 ) 716 688.076 24,4924 v S21C24 (39) + 6 C23C2C4
' ' (10)
3 - 715 687.115 2.9814 v S21C24 (48)
4 - 581 558.341 3.4102 v S21C24 (40)
v S21C24 (#)+ 8 S21C24C11
5 - 371 356.531 0.2233 (11)
A part of structural (Cu-CI)
1 | 321 314 301.754 20.0275 v CulCI20 (84)
Sscal. = 1.084 Sy~ 67.53 R?=0.997

v: stretching; &: bending; t: torsion
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[CU(L)(H20)2 J(NO3)z sty oia (uShiaS () (2235 (558 (il ) (slapuilS 8 7 2% Jgaa

. BXp. | B3| yp/6-311++G(d,p)/lani2dz o
No reguencies Characterization ofdnormal
. i [0)
FT-IR? Uns;jcale Scaled® [IRe modes with PED? (%)
Complex octahedral
A part of structural (C=N)
v C4C2 (15) + v N40C11 (23)
1 1460 1316 1264.676 1.1204 +3 HSC2C4 (20)
) 6 H14C39C13 (18) + v N40C11
2 1315 1263.715 3.6382 (24) +v HSC2C4 (10)
) T H26C25C11N40 (14) +v
3 1294 1243534 | 321742 | {40001 (23)+ v C25C11 (20)
. vN40C11 (23) + v C25C11 (20)
4 1294 1243.534 32.1742 + T H26C25C1 IN40 (14)
A part of structural (C-S)
1 760 714 686.154 19.8331 | v S37C28 (49)+ 6
C28C3C6(12)
2 - 709 681.349 15.9924 | v S37C28 (57)
3 - 574 551.614 2.1234 v S37C28 (28) + 6 C31S38C25
(12)
4 - 547 525.667 2.1234 v S37C28 (28) +y C31S38C25
(12)
A part of structural (Cu-Cl)
1] - # # ##
Sscal, = 0.825 Syt 58.45 RZ=1

v: stretching; &: bending; v: out-of-plane bending; t: torsion
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[ CU(L)(H20)2 J(NOs)2 g5 i (oShoaS sl sl <l 45 5550 (J5¥50 Jliysl w8 5 5 53,51 A-¥ Jgazr

orbital Enervgy(ev) Cu O | Ligand assignment
L+2(B) -1/935 1% 0% 99% (L)
L(B) -4/132 63% 3% 34% d(Cu)+m * (1)
H(B) -7/059 13% 3% 84% d(Cu)+r(D)
H-2(B) -7/959 1% 0% 99% (L)
H-3(B) -8/208 14% 3% 83% (L) + d(CU)
H-6(B) -8/956 16% 10% 74% d(Cu)+ (L)
H-7(B) -9/129 11% 21% 67% d(Cu)P(0)+d(Cu)
H-9(B) -9/400 15% 41% 43% n(L) + P(0) + d(Cuw)
H-11(B) -9/853 37% 14% 48% d (Cu)+p(O)+m(L)
H-12(B) -10/080 34% 12% 14% d (Cu)+p(O)+m(L)
L+1(A) -1/988 1% 0% 99% m* (L)
L(A) -2/041 1% 0% 99% (L)
H(A) 71274 9% 3% 88% m(L)
H-1(A) -7/462 1% 2% 87% (L)

B=Spin Beta; A=Spin Alpha; H=Homo; L=Lum

[CUCI(L) INOs (lis o ym95 oShooS (512 sl Sl 53 (5500 o Jliygl o5 5 5 5550 A=Y Jguxr

orbital Enervgy(ev) Cu Cl | Ligand assignment
L(B) -4]423 55% 11% 35% d(Cu)p (Cly+ * (L)
H(B) 71367 12% 28% 60% d(Cu)+p(CL)+r(L)
H-3(B) -7/992 15% 42% 43% d(Cu)+p(CL)+r(L)
H-4(B) -8/116 0% 0% 99% (L)
H-6(B) -8/866 25% 16% 59% d(Cu)+p (Cl)+m(L)
H-12(B) -10/323 54% 6% 4% d(Cu)+ m(L)
H-15(B) -10/679 45% 1% 54% d(Cu)+ m(L)
H-16(B) -10/820 48% 0% 52% d(Cu)+ m(L)

B=Spin Beta; A=Spin Alpha; H=Homo; L=Lumo
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ysle dilate )3 laie ol 4 a5 (WS ()b Jl ) 09 e axslis (LLCT ) el

R SR

Yo FVE FYA £OF axl 0 o)l 42y cid oSl JgyuSl Slalxe el ol

(Vo-Y) Jgoz 50 Llg o gl ol oYl of) [ Silog &,08 ol jo 45 a5 058 o0 oanlie YYY

b 58

asle 3 s P> 0 [ CU(L) (H20)2 IINO3)2 (WShooS (sl o dmslons g 80 VLl Yo=Y Jgu

Key transitions f Aeo Asignnment lexp
H-12(B) —L(B)(44%) 0.002 656 d-d/MLCT/LMCT/LLCT 657
H-9(B)— L(B) (15%) d-d/MLCT/LMCT/LLCT
H-7(B)—L(13%) d-d/MLCT/LMCT/LLCT
H-11(B)— L(B)(11%) 0.013 438 d-d/MLCT/LMCT/LLCT
H-6(B)— L(B) (16%) d-d/MLCT/LMCT/LLCT
H-2(B)—L(B)(15%) LMCT/LLCT
H(B)—L(B)(26%) d-d/MLCT/LMCT/LLCT
H-12(B)—L(B)(10%) 0.038 376 d-d/MLCT/LMCT/LLCT 360
H-3(B)—L(B)(73%) d-d/MLCT/LMCT/LLCT
H-9(B)—L(B)(25%) 0.140 305 d-d/MLCT/LMCT/LLCT
H-7(B)—L(B)(29%) d-d/MLCT/LMCT/LLCT
H-6(B)—L(B)(13%) d-d/MLCT/LMCT/LLCT

272
H-1(A)—L+1(A)(15%) 0.063 235 LLCT
H-1(B)—L+2(B)(20%) LLCT

B=Spin Beta; A=Spin Alpha; H=Homo; L=Lumo

2y H-B(B) il 4 ol o masmeSlo i zge Jsb +) Fr ,Silogs &yud b ogili ¥00 s

H-6(B) A-Y Jgo> ool p 045 (0 00l s L(B) & H-7(B) , L(B) « H-9(B) , L(B)

74



Jbiysl doys 10 Jols H-9(B) (L) Jbis gl dop0 VE 5 d(CU) b gl s ys 55 Lol
Y\ A(CU) Jbisygl dopo VY H7 (L) Jlis,sl doys $Y ,P(0) Jbao,gl doye YV d(CU)
Jarysl aoys #Y SIL(B) a5 I o ol oo TL) Jliasysl doyd SV ,P(O) Jlissys! oy
a [ m(Ly+ P(O) +d(Cu)] JUsl 51 s ol e oo S 5 1¥(L)  Jlim sl ds o YE 5 d(CU)
Jusl 4 oYl cpl 5 .l (o0 3929 4 [w*(L) +d(CU)] « [x (L) +d(Cu)] 5 [x*(L) +d(Cu)]
Lgs e (LLCT) IS & W) (LMCT) 5k & WSS (MLCT) IS & 36 (d-);5 o 55 L
4 H9(B) , L(B) a H-12(B) slo JUil 4 ,iogil S5 aml 45 i zae Jsb 05 oo
H-12(B), H-7(B), H-9(B) A-Y Jsaz Lol s 053 oo 035 camnd L(B) & H-7(B) , L(B)

sloJlasl 5l (bslse Jols L(B) .ol oo m(L)FP(O)HA(CU) slo Jliw sl 51 (bosle

595 oo bgs e MLCT/LMCT/LLCT/d-d by JUisil 4y ¥l oyl ol by el w5(L)+A(CU)

4 H-2(B) , L(B)  H-6(B) , L(B) 4 H-11(B) ,L(B) 4 H(B) s> Jisl s jzogili FYA g5
H-11 5 H-2 o (L)+d(CU) sl Jtiasys) 5 boslies H-6(B), H(B) .55 o o0l Ceas L(B)
[7 (L) +d(Cu)] ,b Jst 51 g cnl wail (oo m(L)+ P(O) +d(Cu) 5 (L) 5l ogle o 5 &
olnle e 3929 4 [1*(L) +d(CU)] & [ m(L)+ P(O) +d(Cu)] 5 [n*(L) +d(Cu)]

d-d L Jsl 4 L(B) 4 H-6(B) L(B) « H-11(B) ,L(B) 4 H(B)usls !
001 s LLCT/LMCT by JUizsl 4 L(B) &y H-2(B) 555 o bgspe IMLCT/LMCT/LLCT
H- 958 o 00ls Camd L(B) & H-3(B) , L(B) 4 H-12(B) <¥lisil 4 YVF Jlsi .05 oo
Jleygl 51 (ol i 5 4y L(B), H-3(B) g t(L)+ P(0)+d(Cu) sla Jo sl 51 (Joglse 12(B)
& [H(L)P(O)+d(CU)] JUl 51 g ol 99 oo o mH(L) +d(CU) 5 (L) +A(CU) (sl
L(B) & H-12(B) <Vl .oyT o 0529 & [w*(L)+d(CU)] 42 [m(L)+d(Cu)]s [x*(L)+d(Cu)]

4 gl VYO g 595 o bgyye d-0/MLCT/LMCT/LLCT b Jles! L(B) « H-3(B)



b Jusl 4 JUsl g e calpl g8 e ool Ces H1 (B) L+2(B) 4 H-1(A) ¥l

Sg g0 0318 Cowd LMCT

Josissisl P> o[CUCI(L) INO3  uSheaS (6l o arnsloo g yiSIl VLS| V- Jgas

Key transitions f Ateo Asignnment hexp
H-16—L(B)(25%) 0.024 232 MLCT/LMCT/LLCT/d-d 230
H-15—>L(B)(11%) MLCT/LMCT/LLCT/d-d
H-12(B)—L(B)(10%) MLCT/d-d
H-4(B)—L+2(B)(10%) LLCT
H-10(B) — L(B)(87%) 0.161 302 LMCT/LLCT 328

LMCT/LLCT
H-18(B) —L(B)(3%) LMCT/LLCT
H-7(B) —L(B)(2%)
H-12(B) — L(B)(15%) 0.079 418 MLCT/LMCT/LLCT/d-d

. MLCT/LMCT/LLCT/d-d
H-6(B) — L(B)(15%) MLCT/LMCT/LLCT/d-d
H-3(B) — L(B)(51%) MLCT/LMCT/LLCT/d-d

H-12(B) —L(B)(26%) | 0.023 652 | d-d/MLCT/LLCT 652

d-d/MLCT/LLCT
H-6(B)—L(B)(18%) d-d/MLCT/LLCT
H-3(B)—L(B)(41%)

B=Spin Beta; H=Homo; L=Lumo
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Abstract

Ground state geometries, spectral IR and UV-Vis, analysis of frontier
molecular orbitals (FMOs), Mulliken charge analysis, molecular
electrostatic potential (MEP) surfaces and quantum chemical parameters
for two complex [Cu(L)(H20),](NO3), and [Cu(L)(CI)JNOs, have been
studied theoretically by the Density Functional Theory (DFT) and Time-
Dependent Density Functional Theory (TD-DFT) methods. is L = 1,2-
bis(2-pyridylmethylthio)ethane. The optimized geometry of the complex
using LANL2DZ set the Basic set for Cu and 6-311G (d, p) for atoms S, C,
H, CL, O was calculated. Mulliken charge analysis showed that the
negatively charged atoms carries a positive charge is as electrophilic and
areas that acts as a nucleophile. Computational IR wave numbers compared
with experimental results are in good agreement. Hardness, softness,
bandgap, the highest occupied molecular orbital and the lowest unoccupied
molecular orbital calculations using DFT was calculated. Frontier
molecular orbital energy, absorption wavelength, oscillator strength,
electron absorption spectra calculations for complex Octahedral solvent
dimethylformamide and trigonal bipyramidal in acetonitrile solvent was
determined by TD-DFT method and the transmission charge occurred
mentioned in this complex

Keywords: Density functional theory (DFT), complexes of copper (Il), Structural
properties, vibrational frequencies, Mulliken charge analysis, electrostatic potential
(MEP), quantum chemical parameters, spectrum UV-VIS.



& .
..'.‘ LA

Y LU""? 13

Faculty of Chemistry

M.Sc. Thesis in Inorganic Chemistry

A theoretical study of interaction of 1,2-bis(2-pyridilmethylthio)ethane with Cu(II)
ion

By: Farhad mirzaei
Supervisors:

Dr. Esmaeel soleimani

Dr. M. Sargolzaei

January 2017

AN



