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Fig.1 Geometrical structure of 1,1, 1-trimethylamine-

methanimide
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Table 1 Calculated values of key bond lengths of

1,1, 1-trimethylamine-methanimide

B /107 nm
il YATZLEN E-Seth ik
B3LYP MP2 B3LYP MP2
Cl1=02 1.2430 1.2485 1.2258 1.2326
C1—N3 1.3381 1.3458 1.3548 1.3544
C1—HS 1.1060 1.1050 1.1198 1.1179
N3—N4 1.4861 1.4671 1.4875 1.4661
N4—Cs 1.5048 1.4975 1.5016 1.4960
N4—Co6 1.5048 1.4975 1.5016 1.4960
N4—C7 1.4919 1.4866 1.4945 1.4894

F2 1,1, 1= FR T e e ) E A TR R
Table 2  Calculated values of key of bond angles of

1,1, 1-trimethylamine-methanimide

/)
il -5 E-Sik
B3LYP MP2 B3LYP MP2
02—C1—N3  130.8326  130.6050 124.1899  124.0944
02—C1—H8  120.7459  120.7069  118.2375  118.2551
Cl—N3—N4 113.0820 112.6734  113.1466  112.7507
N3—N4—C5  112.1380  112.2150 112.9696  112.9819
N3—N4—C6  112.1392  112.2144  112.9701  112.9744
N3—N4—C7  103.7521  103.7499  102.7771  102.9958
C5—N4—C6  110.3912  110.7294  110.6439  110.8549
C5—N4—C7 109.0755 108.8040  108.5107  108.2684
C6—N4—C7  109.0753  108.8043  108.5104  108.2710

F C—N S C=N X2, mFE 10, 5

LG 2 B SRR, C1—N3 /N T N4
53K CIRFZHPHKM, KT C=N
K(0.1273 nm) MY [ C1 =02 Fy Kok F—
FBEBRIE B B 1 (0.122 nm) 120, T N—N B KK T
PM3 J7 iS00 i 7 1 Jie B 1t 0 i 1) N—N B
(0.1442~0.1455 nm)'® , 4 K T UDMH H ) N—
N (01432 nm) 30 p sk e KRR AT LASE D
bRk & s PR N3 [ AR R L FE TS 1
ST, T B M TE 02 —C1—N3 ZHJE L
T C1—N3 (B A7 8 s N—N 14
P AH R0k 553 o 3K — I 55 SRR s H 1% frig LT I
FEAEAE P RR SE AR S5 A0 45 SR R — ey 14

2 R? O
lel‘\l*fN’f(HZfR“ -~ Rl—l‘\l*—N=‘C—R4
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Table 3 Calculated values of key dihedral angles of
1,1, 1-trimethylamine-methanimide
/()
Z-SAhy A E-RA {4
B3LYP MP2 B3LYP MP2

e
=

O2—CI—N3—N4  0.0071 0.0038  179.9997 179.9941

H8—CI—N3—N4 180.0057 180.0018 —0.0001 0.0040

CI—N3—N4—C5  62.4304  62.7069  63.2784  63.4151

CI—N3—N4—C6 —62.4329 —62.7276 —63.2735 —63.3441
CI—N3—N4—C7 179.9986 179.9896 179.9975 179.9873
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N, 2 Tl A AR 2 R R TG 4 AR O2.C1
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Table 4 Total energy and frontier molecular orbital energies

of 1,1, 1-trimethylamine-methanimide

E /Hartree

MO YA LI
B3LYP MP2

E-S A4k
B3LYP MP2

Ea  —343.21321 —341.05584 —343.18068 —341.03359

Epomo-1 —0.22742 —0.38465 -0.21621  —0.37037
Evovo -0.22769  —0.34954  -0.21619  —0.33690
E1uvmo —0.02306 0.02991  —0.03235 0.02082

Eromon 0.00542 0.04990  —0.00318 0.04175

AE 0.20463 0.37945 0.18384 0.35772

AE = Eyuvo ~ Enovo

E NI/ R L NG TR 7 7B e S A a0
Table 5 Percentage compositions of frontier molecular orbitals

of the Z-isomer

©/%
J5¥

HOMO -1 HOMO LUMO LUMO+ 1
cl 4.3 10.7 2.5 16.5
02 2.3 29.7 3.5 10.3
N3 27.2 19.2 2.0 9.5
N4 3.3 3.8 9.4 6.9
s 12.3 7.4 15.8 15.8
C6 12.3 7.4 15.8 15.8
7 2.1 3.8 16.2 3.1

FHEE S AT, 1, 1, 1-= H B 35 H k0 e 7 7 5%
FRAHY HOMO — 1 #l HOMO 3= B #87 T B 7 Jie 3
O2=C1—N3 |, 3 P71 5 e Bz #or
TR PR b S0 53.8% 1 59.6 % , 1%
oy T BB AR A

Z RS AR LUMO F 8 = B i 3—N
(CH3)3 . LUMO + 1 11 /5 515 80 W #E % 5 1
B B # FR R 38 BB CL =02 15 35 3 [ )
() 2 A T o5 B B AR B — 2 (EJE = H i
F—N(CH;)5 1152 LUMO #l LUMO + 1 B £ 2 i
53, N4.C5.C6.C7 i 4 A1 b 5o il i 1
X 2 ANFT S PUE RO 56.2% F1 41.6 % , & 1%

b BTS2 RER.
2.3 BA#EHIE(NBO) S
2.3.1 BRRETFTEM

1,1, 1- = HH e 35 H 0k IV e 58 2 S 1 B SR DR+
HLTEOILER 6, IRTATLIE R, 2 ROk A2
AR B0 R TR CL P IE 24, 02,2
AN JEF R 3 AH 3 C 349707 6 i, 0 H R
O2 F N3 af A HL A B 22, A o - E R i+
whor. H ClL RE WA Z M IERT, (Bl T2
F 02 # N3 _E 9% HL - (lone pair, LP) Bl
W, E7E HOMO H )5 5 1T 8K ], NBO 43 #r &
B N3 J+ B 2 X6 HL -, T N4 A7 LP, N4
R FEUE T2 B S EAHER 3 A H IR
JFH AR

o AR MRS

Table 6 Calculated values of natural atomic charges

HLfif
JET Zm ET
B3LYP MP2 B3LYP MP2

Cl 0.454061 0.63147 0.45514 0.63159
02 -0.72833  —-0.83061 —0.63776  —0.74510
N3 -0.53642 —0.61146 —0.53374 -0.61281
N4 —0.20582  —-0.25228 —0.21027  —0.25497
C5 -0.36040 -0.27302 —0.35378 —0.26323
C6 -0.36039 —-0.27301 —0.35378 —0.26322
C7 —0.33066 —0.24196  —0.33024 —0.24111

2.3.2 B ARIE LEHEK

TFEAFRM) 1,1, 1-= H 6 eI e 2 oS4
PR EZE NBO (FHEEULE 7, Hi C1=02 W
IR RBE o BEA 1 B2, N4—C5 N4—
C6 I N4—C7 1) NBO 5 B A A F, Hix 3 4
NBO HY i 95 B K F N3—N4 15 48 Bomi /N F
C1—N3 1 G445, RUIFEX 5 M C1—N3 8y
SRR, 5 2.1 R IR S I R AR o
C1—N3 8K Al N3—N4 8K 5 — it C—N.N—N
HI X, S B T N3 [ R A A% T 43 Fa g, A,
TS —A T B O2 =C1—N3 [alf7E 48

HE% 7 AT, O2 F N3 JRi - BAA 2 MR HL
T HIX 2 X LP A e H0E 48 (W
FKAUEH, 2 MEFH LP(DFHKREZM s K
4%, BT LARE EARAIG, 52 B R R A 455k . i 2 4> LP
()L T p BLiE, H LP(2)O2 5 LP(2)N3 #il 1E
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HLA] . HX 2 4~ LP(2) ) NBO (5 #5858/ ml LA
YOI, JEL AN 2 BB S 1Y p BUTE Y SR AR
XL, X 2 AN BUE BT TR AR TR, H LP(2)
N3 (B IR BE L LP(2)O02 B, [R]3#, LP(2)N3
15 2 B A R b ) B R S L E B S A (R s i, B
7 B S R PRI IV Joe A R R0 L E B TG
KT AIREEEE S PR
Table 7 Occupancy of NBOs

O AL

Z- 5 E-SAi {4

BD(1)C1—02 1.99583 1.99697
BD(2)C1—02 1.99404 1.99325
BD(1)C1—N3 1.98887 1.98779
BD(1)C1—HS 1.96634 1.98530
BD(1)N3—N4 1.97848 1.97861
BD(1)N4—C5 1.98692 1.98769
BD(1)N4—C6 1.98692 1.98769
BD(1)N4—C7 1.98659 1.98496
LP(1)02 1.98067 1.98263
LP(2)02 1.87055 1.84933
LP(1)N3 1.94085 1.93524
LP(2)N3 1.57605 1.60483

#8 LPH NBO 4L
Table 8 NBO compositions of LP

Ju
SHIk  NBO ‘“”‘ 4R
i

LP(1)O2 sp”%2 0.7858(2s) —0.2511(2px) —0.5648(2py)

LP(2)02 p 0.9239(2px) —0.3809(2py)
g LP(1)N3  sp'12 0.6863(2s) —0.3269(2px) +0.6483(2py)
LP(2)N3  p 0.9993(2pz)
LP(1)02 sp™® 0.7798(2s) +0.5988(2px) — 0.1808(2py)
E

LP()O2  p ~0.2808(2px) —0.9592(2py)
LP(1)N3  sp!01 (.7050(2s) —0.0840(2px) +0.7031(2py)

LP(2)N3  p 0.9993(2pz)

2.3.3 NBO #48ZAEA

B B8 (second order perturbation the-
ory) AT R, AT KB 3 rh BT Y 2 SRR T T
WA RO ERE . pnEk S Y TR EAE A
BOIRATER 73 NBO MHAREAE AR EfbiE E W3 9,
E BORFWIHEA NBO 5 %4k NBO Z [ #1 H.AE M
g, BEAEPR NBO [ 52 4 NBO 41 i 5 i i

R, W I B AL AR O
*9  HEAERIM NBO M H A& fLhE

Table 9  Stabilization energies of donor-acceptor interactions

E/‘D/k] smol ™!
& NBO 3 NBO
Z-SHR E-SAik

BD(1)C1—HS  BD* (1)N3—N4 39.65 3.86

LP(1)O2 RY* (1)C1 47.59 62.50

LP(2)02 BD* (1)C1—N3 73.67 83.71

LP(2)02 BD* (1)C1—HS 87.28 97.02

LP(1)N3 BD* (1)C1—02®  35.70 4.66

LP(2)N3 BD* (2)C1—029  421.30 356.92

CRRHICH 35.7 k] /mol, E B SEHI A 2 A48 /IN B (B AL A g %o
R OF 8 544 i 3744 NBO 7 BD™ (2)C1—02; OF B f {4k 157
& NBO 4 BD* (1)C1—02,

26 9 Al WL, 02 A1 N3 F ) LP #5540 EEAH
BORRAREAE A, Hodh LP(2)N3 5 7 8 3l iAo
BD* (2)C1—02 il E BS54y {& BD” (1) Cl—O2
FAE B S ot , 38 oK T HoAth, NBO 22 [8] /% 48 H.AF
o 5 E300 5 1 02 =C1—N3 177 3L 50 &%
Oy FAEAE 2 FhAREE S5 858 & —8. Z A
&k, BD* (2)C1—O02 A = BiE , i C1 F1 O 1 2pz
PUBAAMEL, A S s T, 5 LP(2)N3 HuB ILhd,
FRUA EAE AR, e E B S &4, BD" (2)
C1—02 1 C1 #1 O B s.2px F1 2py HiE 4H 5 1M K
(7o =0.8002(sp"¥) — 0.5998(sp'**) ), B 5 LP
(2)N3 BB AIEEL, 1 C1L A O 1Y 2pz BB 4L &m0
B o BB A BD™ (1) C1—02, P % 5 4t 3
5 LP(2)N3 HLIBAFERB A EAE . B2, Bk
) LP(2)N3 5¥kIL N n SEILHL, JERL T 3 ol 4 12
T
2.4 HFRHE

FEFHAR Y Lewis 4514 R BEBILIE 225 1, G 2f
o BN o SEE DL A B SR B BN, AR
Pl 125 FRAE Lewis 2544 Anail k& 9 b o 4 >
0.01 iy NBO #1115 UL 3% 10,

F10 AT S AN RERE N SRS R 9 T
BB A AR R L RE MBI 5E 245 &0 Z RS
AT BD* (2)C1—02 F1 E B4 A d iy BD
(DHC1—02 BB ry 5 PR, i AR B T LP
(2)N3 53k 2 AMuB e X 2 MUEE R T’
ZWH . X 5RO Z A S LP(2)N3 5
BRI RAR EAE R L E R RS e —3L, 34
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Table 10  Antibonding orbitals with occupancy >0.01

AR
NBO

Z-SHR 1k E-SH ik
BD* (1)C1—02 0.01936 0.34429
BD* (2)C1—02 0.38428 0.009927
BD* (1)C1—N3 0.05074 0.05098
BD* (1)C1—HS8 0.06587 0.09372
BD* (1)N3—N4 0.05525 0.04509
BD* (1)N4—C5 0.03441 0.03850
BD* (1)N4—C6 0.03441 0.03850
BD* (1)N4—C7 0.01797 0.01732
BD* (1)C5—HI1 0.01070 0.006817
BD* (1)C6—HI3 0.01069 0.006817

DA AEH % B

10 ATLE W, 78 2 RIS R 3 S 9
A ol BRI T, R BDY (1)C5—HI1 A1 BD”
(1)Co—HI13 i 4% >0.01, miHAh 7 MhEHM E
TSR 9 A ol BIHE B 5 98505 <0.008, Z 7
SRART 02 5 HI1 A HI3 (8] #E 8 R 224 pm, 02
5 C5 A1 Co A 254 287 pm, O2-+-H11—C5 Fl O2
---H13—C6 My 4 119.1°, 02—C1—N3—N4—
C5(C6)—HI11(H13) 73 344 1 2 A~75 o3 (WL 1
(a)), X BEERAT A — M58 A 45 4 51 ST
Fh,NBO 73 & R B 45 15 LP(2)0O2 5 BD™ (1)
C5—HI11 1 BD* (1)C6—HI13 Z A AE1Em A AR
H (remote interaction) , LP(2)O2 531X 2 4~ fl L E
A EAE RS E AL REAR A 4.58 k) /mol, % SE 45 2R
HERTLAIH AR &8 7 B SR R v AR AR 4 F
U 02---H11—CS 1 O2---H13—C6, HJ&x 2 4
SHER IR EEAR . 0 E B A IR T ORAEAE S
AU

BT Z BV AL TR 5 N AR, T LI
FEPA SR 7E 7 B SR R s g, DL 2.2
) MO BEE AT, T LI 7 RIS L E Y
SRR TERRE o

3 it

(1) 1,1, 1-=H e 5L B B W e 0 T A7 46 2 A
Oz E 8 (k)2 Fp ik, 2 Fp S pb ik,
N3 9 p B LP #8583 o BA7 76 AR 30 10 JL B 5L

N, — 5 T FBOZ ST T B 2 FILRZEH , 5 — Ty i
{8153 F P AEAE — A X FRF- 18, B BE R B B A C
(=O)N" N L FXA XS FRF- i o

(2) Z BUSERIRAPAEAE 2 AN B 555 10 20 T
S O2---H11—C5 fi1 O2---H13—C6,

(3) Z RIS HyIAR L E B S p R 2L A 3 s A
P
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Calculation of the molecular structure of
1,1,1-trimethylamine-methanimide

LI Zhenglli ZHANG YouZhi WANG XuanJun FAN RuiJun

(Second Artillery Engineering University, Xi’an Shaanxi 710025, China)

Abstract: The molecular structure of 1,1, 1-trimethylamine-methanimide, HC(=O)N~N* (CH; )5, has been
investigated by DFT/B3LYP and MP2 quantum mechanical methods. MO and NBO calculations have been car-
ried out on the optimal equilibrium geometrical conformations. Through full geometrical optimization, two con-
formational isomers, namely the Z(cis)-isomer and the E(trans)-isomer, are found. A mirror plane is present in
both isomers and the functional group C(—=O)N " N" is situated in the plane. All of the calculations of geometri-
cal structure parameters, MOs and NBOs show that the LPy~ p orbital is conjugated with the O =C = bond.
There are two intramolecular hydrogen bonds O+:*H—C in the Z-isomer. On the basis of comparisons of total
molecular energy, and delocalized = bond and hydrogen bond strength, the Z-isomer is found to be more stable
than the E-isomer.

Key words: quantum chemistry; 1,1, 1-trimethylamine-methanimide; molecular structure
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