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Abstract

In recent years, metal complexes have a wide range of applications in medicine, catalysis, analysis,
materials, water treatment, corrosion inhibitor and other fields. In this paper, L-phenylalanine nick-
el metal complex was synthesized with L-phenylalanine and acetate made in alkaline conditions by
using solvothermal synthesis method. The black and green single crystal was obtained. Then X-ray
diffraction and Infrared spectrum were used to determine the crystal structure. In order to further
understand its internal structure and properties, the complex was studied by theoretical calculation
using density functional theory at the molecular level. Based on the optimized structure, its balance
structure, NBO charge distribution and transfer, and infrared spectrum were analyzed.
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Xt& RIS YR X-ray B RS MAT B E T ] RS, FFEAT TR IT. A —P T RENE
AR, RAERZRER, E0TKFHTTEHRIE, NESWHT T2k, FFENIHE
Eah BT HPEE S . NBO BT AT AR LA RS
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1. &

AL R, 2 552 (amino acids) & —REURIRER, PIHCARIR 7> 7 H-OH b — U T 2
TR — 2570 . T8 5% B -NH, F1-COOH, B HEAL &[], A H B A A WAL &% A 1
PERE, BlWNEAYE. ZritsE. SRS TSR ER NS E AR R A IR BN, BT,
itk AAMZISERZ IR SHRARE S T A TSR E A X[2] [3]. FE, &8 FrEHN
A (B R T TR A R OCEEER . ARG XAV LA AP 04 8 5 T LA 462,
AR T FRATE RN T & )8 & 1 7E A A S 72 4 R [4] [5] [6] [7] [8]

R RIC AV T AR BR S AVET, A TIEBRB 2 (4R 7E AR 7= . 72 OB 2 (8 AT 7
(RS, filtn: AT AT 60T AT T K DTERAE, EAERR % RAESFAEAE BAR
HIERP[9] [10] [11] [12] [13]. HATFEEREBE AWM S MM, XBREAEREBE SV
FRG| AR 2 F R, O TR S

AW FEERENEFE T, RAGFING BOER L-RNEAR S M &S T m iR R RN
A L-ANER SR ENE G . EWERUE, BUEE X-ray B @aamat. aabek & NS F Bt
SEEGFEY SR EE R T RAE, DA E I SR SE R . FEOLIERE b, SRAIE B R TR, 1R TOKF
B RIFER TR PSSR T R A, JEE AR R R A F AR T 4R . NBO
LA M AT NGRS LA 2D i &, b — 20 TR P=4 0 T, AN 2 05 FO S PRI 4T R Al

2. SKH{UR, WK ATk
2.1. (LER5RH

SR A GER L-R T EIR S M & Jm B8 71 il R R RN L- R T R < R AR
Bea, F 20 EZRGR AR & a0k 1 M5 2 for.

22. SEWFE
FRHL 0.213 g Ni(CH3COO),-2H,0 FIAHAT 5 mL FHEE I /NG, HiE I 5015 2R B 2 (0 I T

][l
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Table 1. Experimental materials
= 1. I

B ez A EVR I
LRI AR BR PRESI-X kMR
AL KOH AR BT R AL TATBR 2 7]
ForK HEE CH,COOH AR 254 Mk G A PR A =
PR R B Ni(CH;C00)22H,0 AR I ARG A IR AR

Table 2. Experimental device
2 XWEE

IR AR ey AR
Tk 1402 ZnCl-gs R A A R A ]
VAL S AR L = TENSOR 27 1% 5 Bruker 2]
X R RTIX D8 Advance & Bruker 2]
TP FHR T A8 DHG-9240A FigE R

W PRELF 1) 0.3304 g L-ZR N 2R EI N 15 mL RIS = 10, A ©2 94 % 1000 r/min (14 745+
BT RO B S AR . W S TR T BRI Ni(CHaCOO0),-2H,0 VAR B IS L2 12 (R N3 L- KRR R
R = BRI, =il TR B PR FE e R A . SEIRR G R UK L IE K R S,
68°C S5V 72 /NI [ SN 45 oSS AT 45 21 3R DU 6 2 M A IEJE SR PR TR A A 2 4

3. B{RESH
3.1 X-SHER B R ITS

ERAE TSRS L- RN R R R B AE B & ) i i, BT Bruker Smart-10001CCDC %Y
X-ray single crystal diffractometer |-, 7E—3@#RE T, HAEBEMT Mo-Ko 8 5 AGIREETINE . 25
1% 4 Je8 B0 G 47 BRRE % Al A 2 2088 L 3% 36,

Hn RS B S : EREBREBEEEASY b BB R, MESH a = 491554) A, b =
32.976(3) A, ¢=6.0925(5) A, a=c=90°, b=106.619(2), V =946.30(13) A3, F(000) =444, #x% %X
¥ R1=0.0448, wR2=0.0864 fll R1=0.0547, WR2=0.0897. HAh%#EsH%T % 4. %5 F% 6.

BE RIS RAEmE 200)FR, aiRET B RN, MR TS50 T LR N RS
o WK 20) R, EXADEERF, 02). O(3). N(6)K N(20)VU 147 T 771& 1, 1 N(6)A N(20) &
FEHA AL CL)-NQR)MEEK A 1.480 A, X5 3CHkiRkIEN C=N BKIAEFEW &, WiF T EEBR &Y+
JiE: 00V g 35 235 4] 1) i 247 Ni(1)-O(1) A Ni(1)-O(3) B K 454 2.2027 A%t F Ni-N 88, Ni(1)-N(1)(2.064
A)LE Ni(1)-N(2)(2.074 A)Ji, U B RBRE A SE FRUE T N(Q2) 548 R 42 Ni LA 8 ) 2201 555 Tt
iE AR T N B0 rEESBERAY A E WS TERAKS T, H2mEamr—sy, HiT
YK NAZHEAL.

3.2. LI5MEIE(IR) SR

L- AN RS B EI S WIayM 61 2 f i E Bruker A& 4= #iA 5 TENSOR 27 FTIR, L-ZEH
RIR 4 B AT SR e P B VBRI RE, 7E 4000 cm*~400 cm (14 1).
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Table 3. Crystallographic data and X-ray experiment details for nickel metal complexes of amino acids
#* 3. fAMERREAYRAEZRBMELEESH

Parameter

Empirical formula
Formula weight
Crystal system

Space group
al A
b/ A
o A
al/deg
b/deg
c/deg
Volume/ A®
F(000)

Crystal size/ mm
Theta range for data collection/deg
Unit cell dimensions
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole/ eA™

Value

Cis Has N2 Ni Os
423.10
Monoclinic
P2
4.9155(4)
32.976(3)
6.0925(5)

90
106.619(2)
90
946.30(13)
444
0.502 x 0.181 x 0.075
3.490 to 27.647

—6<=h<=6,-40<=k<=43,-7<=1<=7

4297 [R(int) = 0.0540]
4297/1/254
1.050

R1 =0.0448, wR2 = 0.0864
R1=0.0547, wR2 = 0.0897

0.560 and —0.609.

Table 4. Selected bond lengths of nickel metal complexes of amino acids

* 4. REREBRESUNEERKA)

Bond d, A Bond d, A
Ni(1)-0(3) 2.024(3) C(13)-C(14) 1.373(9)
Ni(1)-0(1) 2.029(4) C(13)-C(18) 1.381(8)
Ni(1)-N(1) 2.064(4) C(2)-C(3) 1.499(7)
Ni(1)-N(2) 2.076(4) C(4)-C(9) 1.373(8)
Ni(1)-0(5) 2.127(4) C(4)-C(5) 1.385(8)
Ni(1)-0(6) 2.127(4) C(4)-C(3) 1.529(7)
0(3)-C(10) 1.253(6) C(16)-C(17) 1.350(13)
0(1)-c(1) 1.270(6) C(16)-C(15) 1.368(14)
N(1)-C(2) 1.480(6) C(15)-C(14) 1.387(10)
0(2)-Cc(1) 1.235(6) C(18)-C(17) 1.370(10)
C(1)-C(2) 1.549(7) C(6)-C(7) 1.360(13)
C(10)-0(4) 1.248(6) C(6)-C(5) 1.381(10)
C(10)-C(11) 1.544(7) C(7)-C(8) 1.367(10)
C(11)-N(2) 1.480(7) C(8)-C(9) 1.392(8)
C(11)-C(12) 1.519(7)
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Table 5. Selected bond angles of nickel metal complexes of amino acids

#=5 FEREEREAYNEERSA( ©

Angle (C) Angle (C)
0(3)-Ni(1)-0(1) 179.16(18) N(2)-C(11)-C(10) 111.4(4)
O(3)-Ni(1)-N(1) 97.87(15) C(12)-C(11)-C(10) 107.8(4)
O(1)-Ni(1)-N(1) 82.09(15) C(13)-C(12)-C(11) 115.7(4)
O(3)-Ni(1)-N(2) 82.54(15) C(14)-C(13)-C(18) 117.8(6)
O(1)-Ni(1)-N(2) 97.51(15) C(14)-C(13)-C(12) 121.3(5)
N(1)-Ni(1)-N(2) 179.11(19) C(18)-C(13)-C(12) 120.9(6)
0O(3)-Ni(1)-0(5) 86.90(15) C(11)-N(2)-Ni(1) 110.5(3)
O(1)-Ni(1)-0(5) 92.26(15) N(1)-C(2)-C(3) 115.6(4)
N(1)-Ni(1)-0(5) 93.14(18) N(1)-C(2)-C(1) 109.7(4)
N(2)-Ni(1)-O(5) 87.68(17) C(3)-C(2)-C(1) 112.0(4)
0O(3)-Ni(1)-0(6) 92.99(16) C(9)-C(4)-C(5) 117.9(5)
O(1)-Ni(1)-0(6) 87.84(17) C(9)-C(4)-C(3) 124.2(5)
N(1)-Ni(1)-O(6) 86.56(17) C(5)-C(4)-C(3) 117.9(5)
N(2)-Ni(1)-O(6) 92.63(17) C(2)-C(3)-C(4) 115.9(4)
0O(5)-Ni(1)-0(6) 179.66(19) C(17)-C(16)-C(15) 120.4(8)
C(10)-O(3)-Ni(1) 116.6(3) C(16)-C(15)-C(14) 119.3(8)
C(1)-0(1)-Ni(1) 116.1(3) C(17)-C(18)-C(13) 121.1(7)
C(2)-N(1)-Ni(1) 109.3(3) C(13)-C(14)-C(15) 121.1(7)
0(2)-C(1)-0(1) 124.2(5) C(16)-C(17)-C(18) 120.4(8)
0(2)-C(1)-C(2) 118.7(5) C(7)-C(6)-C(5) 120.6(7)
O(1)-C(1)-C(2) 117.0(4) C(6)-C(7)-C(8) 119.8(7)
0(4)-C(10)-0(3) 124.3(5) C(7)-C(8)-C(9) 119.7(7)

0O(4)-C(10)-C(11) 116.8(5) C(4)-C(9)-C(8) 121.2(6)
0(3)-C(10)-C(11) 118.8(4) C(6)-C(5)-C(4) 120.7(7)
N(2)-C(11)-C(12) 111.5(4)

Table 6. Selected torsion angles of nickel metal complexes of amino acids
% 6. AEARESBRAYNEEARZA( O

Angle (C) Angle (C)

Ni(1)-0(1)-C(1)-0(2) 174.7(4) Ni(1)-0(1)-C(1)-C(2) ~9.6(6)
Ni(1)-O(3)-C(10)-O(4) ~178.1(4) Ni(1)-0(3)-C(10)-C(11) 4.0(6)
0(4)-C(10)-C(11)-N(2) 177.9(5) 0(3)-C(10)-C(11)-N(2) —4.1(6)
0(4)-C(10)-C(11)-C(12) ~59.5(6) 0(3)-C(10)-C(11)-C(12) 118.6(5)
N(2)-C(11)-C(12)-C(13) —65.3(7) C(10)-C(11)-C(12)-C(13) 172.1(5)
C(11)-C(12)-C(13)-C(14) —65.8(8) C(11)-C(12)-C(13)-C(18) 115.7(6)

C(12)-C(11)-N(2)-Ni(1) ~118.4(4) C(10)-C(11)-N(2)-Ni(1) 2.1(5)
Ni(1)-N(1)-C(2)-C(3) -153.3(4) Ni(1)-N(1)-C(2)-C(1) —255(5)
0(2)-C(1)-C(2)-N(1) ~160.0(5) O(1)-C(1)-C(2)-N(1) 24.0(6)
0(2)-C(1)-C(2)-C(3) -30.2(7) 0(1)-C(1)-C(2)-C(3) 153.8(5)
N(1)-C(2)-C(3)-C(4) -61.0(7) C(1)-C(2)-C(3)-C(4) 172.3(4)
C(9)-C(4)-C(3)-C(2) —23.4(8) C(5)-C(4)-C(3)-C(2) 159.3(5)
(17)-C(16)-C(15)-C(14) 0.3(13) C(14)-C(13)-C(18)-C(17) -1.2(10)
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Figure 1. Infrared spectrum of complex
1. B EYIMLIIMEE

R LR NS BRI AWM E, RAIR ST 4.

1) &J@RCAYTE 3354.37 cm AR, TTIEE N vo SRBNIE, UG B A TR ALK B
T B RKAEAE

2) &JRIEAYTE 1634.05 om b — SRR IIE, X8 T C=N Lt [M4dRs), FWAR A& C=N
ERNETESRE G S8R E T RE TRAL.

3) FEAPII Vaseooy HBLTE 1597.3 cm ™ &b, vgiooy HELFE 1348.01 cm ™ &b, FHLEL A0 MR ) Vaseoo)
F Ogeooy I ZEME > 200 cm ™, R T RIRIRZ: AL BRI AR T UL i X 2 5 .

4) FCAITE 751.42 em ™ ARSI U R 95 BF C-H TR 025 4R 3 i it o

3.3. EipiHHE

ASCH DFT/ B3LYP J7ik, A L-ZR AL (a) 5 M H R IR R 6 & B IC & W ) 45 K T il AT T LT R 2 4
PACAIRBIIR . TR A S EIE 7-10, AL TR 2.l T iH SRS O B
FEIEAE, AR, Xl R4 RO i As e R 2L

3.3.1. FEILEA

e 7 &, Ni(1)-N6) 8K 1.9393 A, Ni(1)-N(20)#I5K Ny 1.9451 A, ~F¥{E K 1.9422 A; Ni
(1)-02) 8K Ny 1.8647 A, Ni(1)-OQ2)IsK K 1.8714 A, “F¥J{E N 1.8681 A. [itfk a H1-COOCN %K)
5 Ni(IDEALE, Z45 C(11)-0(12) s K 1.2075 A #in% 1.2119 A, C(12)-C(23) 8tk i
1.5411 A #8115 1.5440 A, C(23)-N(6)# 44Ky 1.4552 A Jl /b 31 1.4884 A, SR/, SUBEFFAE RS
C(12)-0(3)Hf Kt 1.3618 A sk #1) 1.3158 A, SN, WUERFEINHE. L-2K 2R K-NH;. -COOH
H54& )8 Ni /B, 1S LA EAR S BAEANRRE EREZL, Hd—A4 0 ErmsliE, — 0o JET
TSGR AERL G VIR 57, R THECAR a M PIOSE M, FRAK T ROk a MSLHERERE. ROMECAR T 3500
AT R, SRR T BERIISE.
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Table 7. Selected bond lengths (A) of ligand (a) and complex (b)
7. Boih a RIEMEPEHET b WA BIKERR

12 HAKIA () #% @) #KIA (b) 2 (b)
Ni(1)-N(6) - - 1.9393 0.4389
Ni (1)-N(20) - - 1.9451 0.4336
Ni (1)-0(2) - - 1.8647 0.4645
Ni (1)-0(3) - - 1.8714 0.4598
C(11)-0(12) 1.2075 1.7796 1.2119 1.7023
C(13)-0(2) 1.3618 1.0332 1.3144 1.1683
C(13)-0(49) 1.2075 1.7796 1.2125 1.6979
C(12)-0(3) 1.3618 1.0332 1.3158 1.1647
C(12)-C(23) 15411 0.9472 1.5440 0.9319
C(13)-C(14) - - 1.5410 0.9325
C(23)-N(6) 1.4552 1.0272 1.4884 0.9587
C(14)-N(20) 1.4552 1.0272 1.4946 0.9511

Table 8. Selected bond angles (°) and dihedral angles (°) of L-phenylalanine (a) and nickel complex (b)
F 8 L-ARRR (AR FERERRLAMO)MBEXEAC)MN_EA()

BB T A L (a) L (b)
N(20)-C(14)-C(13) - 109.1
C(14)-C(13)-0(2) - 114.6
0(2)-C(13)-0(49) - 124.4
C(14)-C(13)-C(49) - 1210
N(6)-C(23)-C(12) 112.7 108.2
C(23)-C(12)-0(3) 1165 1135
C(23)-C(12)-0(11) 1236 122.1
0(11)-C(12)-0(3) 119.9 124.4

0(11)-C(12)-C(23)-0(3) 178.1 1784
0(3)-C(12)-C(23)-N(6) 157.2 19.6
0(2)-C(13)-C(14)-N(20) - -11.0
0(2)-C(13)-C(14)-0(49) - 1795

Table 9. Selected natural charges of ligand (a) and nickel complex (b)

F 9. L-AARR () R REERE BRI A1(b)+h R T8I NBO BT

R a b
Ni(1) - 0.7153
0(2) —0.7176 —0.7405
0(@3) -0.7176 -0.7439
0(4) - ~0.9800
N(6) -0.9157 -0.7792
0(9) - -0.9780
0(11) —0.5835 —0.6135
C(12) 0.7930 0.7953
C(13) 0.7930 0.7930
C(14) —0.1847 —0.1063
N(20) -0.9157 -0.7894
C(23) —0.1847 -0.1116
0(49) —0.5835 —0.6180
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Table 10. Selected frequency (cm™) and spectral intensity (km/mole) of ligand (a) and nickel complex (b)
%2 10. a F1 b B ERS ST (cm 1) R SLIESR B (km/mole) 23 4

v(a) IR intensities(a) v(b) IR intensities(b)

Ni(1)-0O(3) 269.9 17
Ni(1)-0(2) 269.9 17
Ni(1)-N(6) 576.8 31.1
Ni(1)-N(20) - - 506.1 1.7
0(3)-C(12) 11234 19.8 1300.9 220.6
N(6)-C(23) 1123.4 19.8 1099.9 4.2
0(11)-C(12) 1841.2 289.5 1760.2 1132.4
C(12)-C(23) 989.5 28.1 1012.2 33

(a) Mtk

(b) BED

Figure 2. The optimized molecular structure of ligand a and complex b
2. L-XARRER o SEERE BRI ESYEEY bR TR IiaR

FIRE, Tifk a HARIR o A A BRSUE. C AN Z MBI, Sk, SUERRAE 55
B 2 N(6)C(23)C(12)H 112.7°48 4 108.2°; THI f1 O(3)-C(12)-C(23)-N(6)H 157.2°4% >4 19.6°
i bR, L-RNERSEE NI()EFRAERAG, L-2K 2R () 75 B 251 KA T IR KIAEAE .

3.3.2. NBO Bfarar it

R NEAR a FIECA Y b A T NBO Hifef. nf R332 L-2 LM 48 Ni il A4 i oo i)
—aeE: 5 NI, BT O JR7FFI N Ry i fir, O(3)s O(11). N(B)JEJ— fi Fafif 1) =
g, MO E5&BEFRAL. Z5RMM O JE-F /4 f fir #8/NE BE 38 n, O3)AT O(11) ¥ L fif 43 73] £H
—0.7176. —0.5835 &y T-0.7439. —0.6135; Z 5Nt N JL 71 5 s faf gk 2>, N(6) 11 FL i FH—0.9167 48
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NT-0.7792; M SEALR FAER S C JR T I IE R AFEA A RN, #5025 ALr O
JRFAN R THeA, (O BT Fo AN, 5 Ni(H) & 7 [ Al BLAR A5, (i & E .

3.3.3. #RENAIG

XTACAHE a FIEC G256 5100 b 43 AT A, 193] 7 LR T a fl b BILLAM e a3 10
JE R LR Ni BLE P AR -

f# 10 A0, Ni(1)-0(3), Ni(1)-0(2), Ni(1)-N(6), Ni(1)-N(20), {4504 N 269.89 cm™*, 269.89
cm*, 567.81cm™, 506.11 cm *4E#h5EE N 1.7 km/mole, 1.7 km/mole, 31.1 km/mole, 1.7 km/mole. #
B, Ni(1)-0(3), Ni(1)-0(2), Ni(1)-N(6), Ni(1)-N(20)Z [AIF % 1 B fr e .

Ni it &0 45 1) B e ) C=N (4R 5% v(N6=C23) B /A1) 1123.4 cm % 1099.9 em™*, K4 T
418, HARZhTEE 1 19.8 km/mole 25y 4.2 km/mole, {3 C=N 4158 /N . O(3)-C(12) 1 45 41 5 H IiE
R 1123.4 em™ % 1300.9 cm™, KA, ISR TS NN, R T Zn-0 . 0(11)-C(12)
THYE IR B IR 2h 58 B AR E AL AT 5 28k Lhi K, B 289.5 km/mole 4524 1132.4 km/mole. C(12)-C(23){H45 4R
EEECAHT AR LA K, 2051 989.5 cm P AN 1012.2 em ™, HRENGREASLA IR A, 4 E R 1) 28.1
km/mol 4%y 3.3 km/mol, i B e A Ji5 e 57 S T JHC At Py Py it B 7 2B (1 52

4, g5ig

AT T LR A AP Sy, LB

1) ARWSCEERIEMMERE T, RABRIREGRIEE LARERS MBS TR &S E R
LAl L-2K T R 4 SR R IR L5 P B o

2) JEid X-ray HESEEAATH . AN RE SR T B SEIG A M S R S A AT SRAE, B T M
PRGN . ZE B AL R, MRS % a=4.91554) A, b=32.976(3) A, ¢=6.0925(5) A, a=c=90°,
b = 106.619(2).

3) FESZIGHIERE |, FIZEEEZ B EEE(DFT) B3LYP J5iknt Ni(I) & IR 4 B8 o & 1) 454 o & 0k
FRIC A G5 R ST AT T b, FREA LA R IR B ERIT 7 P 454 . NBO HL iy 434 R A% DL I
AMEES, BLEMR 2 NN JET. 24 0 1 15 Ni(Q) B Rz, R4 A&, mid ) it
. NBO HLfif BRie . ZLAMGIERHRDY, 2 — Ui Bl 1 BC A58 1 AN EC AL T 5 B AR 4540 (AR AL, RS
B &R AP A B MR F Ay T — Lo R B iR 258 . fE G 8 TR, AT — D&k
FE R 22 MR VR T J7 THAA T AE F iR I 2 R R R &4 -

£ E&WA
FE K 5 28R 73 42(41406090) . 75 B R0V K% w2 IR A R 334 (No. 631302).
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