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ARG NCO/NCS [ HEE S XY(X=H, Cl; Y=F, Cl, Br)la)o-BI554E A IS 5T

K1 EAANHREZSYINERRE. SRR LI

Complexes (lfl};?r/l?l) Adnc(A)  Adeos(B)  Adxy (A) disxs (A)  vixe (cm™) (AC::;Y) (Ac:]\]:lc) ?Cl;c;c;/)s
OCN--HF 10.6 -0.0012 —-0.0051 0.0058 2.0076 123.3 -128.9 9.5 24.4
OCN--HC1 7.5 -0.0001 -0.0035 0.0050 2.2250 81.1 -58.7 1.3 14.8
OCN--HBr 6.5 0.0002 -0.0029 0.0039 2.3108 61.9 -36.6 0.5 12.1
OCN--CIF 10.0 —-0.0006 —-0.0031 0.0066 2.8015 81.75 -9.37 5.0 39.5
OCN--Cl, 6.6 —-0.0001 —-0.0016 0.0045 3.0122 62.88 -5.8 1.2 233
OCN---CIBr 5.5 -0.0001 -0.0011 0.0032 3.0799 53.51 -2.95 0.9 18.3
NCO--HF 5.1 —-0.0050 0.0053 0.0030 2.0561 112.6 —61.8 47.6 -394
NCO--HCl 4.0 -0.0032 0.0035 0.0025 2.2633 78.0 -23.8 30.9 -23.1
NCO--HBr 3.6 -0.0026 0.0030 0.0019 2.3439 62.6 -12.5 25.7 -19.3
NCO--CIF 5.8 -0.0028 0.0032 0.0034 2.8464 71.13 -6.89 14.7 -14.4
NCO--Cl, 4.4 -0.0016 0.0018 0.0026 3.0195 71.60 -3.43 7.7 0.3
NCO---CIBr 3.6 -0.0009 0.0014 0.0016 3.1092 61.31 -0.97 3.2 5.7
SCN---HF 20.4 —-0.0038 0.0046 0.0112 1.8972 146.7 -251.5 73.4 2.0
SCN---HC1 14.2 -0.0023 0.0034 0.0105 2.0914 93.2 -135.8 46.6 -0.4
SCN--HBr 12.1 -0.0019 0.0030 0.0085 2.1704 68. 8 -92.3 36.8 -1.0
SCN--CIF 17.2 -0.0025 0.0032 0.0140 2.6647 90.75 -22.85 52.7 -0.5
SCN---Cl, 10.3 -0.0013 0.0017 0.0084 2.9085 67.92 -11.76 26.0 0.1
SCN--CIBr 3.6 —-0.0009 0.0012 0.0056 2.9859 56.11 -6.15 19.2 0.1
NCS--HF 0.2 -0.0015 0.0007 0.0028 2.6265 73.2 -71.4 233 0.6
NCS---HCl 3.9 —-0.0007 —-0.0001 0.0023 2.8321 53.6 -34.9 9.0 0.8
NCS---HBr 1.8 -0.0004 -0.0007 0.0022 2.9164 42.5 -26.3 3.8 1.3
NCS---CIF 5.6 -0.0011 —-0.0005 0.0085 3.1125 74.12 -20.52 18.5 2.8
NCS---Cl, 4.5 -0.0004 -0.0003 0.0053 3.3868 40.11 -11.09 6.8 0.9
NCS--CIBr 4.3 -0.0002 -0.0003 0.0046 3.4457 53.27 -7.36 4.4 0.6
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ARG NCO/NCS [ HEE S XY(X=H, Cl; Y=F, Cl, Br)la)o-BI554E A IS 5T

G Q@ @ ®

QCN/SCN:---XY NCO/NCS---XY

OCN/SCN---XY NCOINCS---XY
(b)

B4 Frifhsisr 1o 1 BRI R AL IR () 707 (b) R s Lk K

R2 GBS AL R R MO RE R LR (A au)

Complexes Pe Vip(re) G. Ve H. -GV,
OCN---HF 0.0172 0.0822 0.0162 -0.0119 0.0043 1.3613
OCN:---HCl 0.0126 0.0491 0.0096 —0.0069 0.0027 1.3913
OCN--HBr 0.0110 0.0399 0.0079 —0.0059 0.0020 1.3390
OCN:---CIF 0.0131 0.0601 0.0127 -0.0104 0.0023 1.2214
OCN---Cl, 0.0091 0.0417 0.0085 —0.0066 0.0019 1.2912
OCN:---CIBr 0.0081 0.0367 0.0074 —-0.0056 0.0018 1.3147
NCO:---HF 0.0129 0.0681 0.0130 —-0.0090 0.0040 1.4444
NCO---HC1 0.0102 0.0393 0.0080 —0.0063 0.0017 1.2698
NCO---HBr 0.0091 0.0320 0.0068 —0.0056 0.0012 1.2143
NCO---CIF 0.0085 0.0446 0.0092 -0.0073 0.0019 1.2606
NCO---Cl, 0.0081 0.0078 0.0077 -0.0063 0.0015 1.2356
NCO---CIBr 0.0072 0.0066 0.0066 -0.0053 0.0013 1.2443
SCN---HF 0.0242 0.1044 0.0227 —-0.0193 0.0034 1.1762
SCN--HC1 0.0177 0.0688 0.0139 -0.0105 0.0034 1.3238
SCN---HBr 0.0160 0.0512 0.0115 —0.0086 0.0029 1.3372
SCN---CIF 0.0183 0.0813 0.0179 -0.0152 0.0027 1.1776
SCN--Cl, 0.0116 0.0490 0.0111 —0.0090 0.0021 1.2333
SCN---CIBr 0.0095 0.0291 0.0073 —0.0056 0.0017 1.3036
NCS---HF 0.0093 0.0278 0.0058 -0.0036 0.0022 1.6111
NCS---HC1 0.0077 0.0207 0.0042 -0.0033 0.0009 1.2727
NCS---HBr 0.0068 0.0177 0.0038 —-0.0030 0.0008 1.2667
NCS--CIF 0.0138 0.0498 0.0110 —-0.0095 0.0027 1.1579
NCS--Cl, 0.0086 0.0286 0.0058 —0.0045 0.0021 1.2889
NCS:---CIBr 0.0078 0.0256 0.0052 —0.0040 0.0017 1.3000
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¥
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EH BIXE

Bl 5 (a) BERELEE AT EERCR, b)BAES 0
TR E L REI R AR

B B 1 L R HR 0.9848e) K 45 1A HLIE, HF 41
HR) H-F SCBERUE D 2 AR U0E. {E OCN--HF JE it
Ferh, Wi N NCO [0 HF ##%, #8120

#3a E45% OCN/NCO--XY 1) NBO 454 ¥

0.0064e, AE 5354 2.06 Al 3.26 kcal/mol. i 3 1]
LA, EFTA ) NCO/NCSXY R fe A, Hfar
Y1 eh O/S AR L FHUE #6552 X-Y 1 R BERIE
7E OCN/SCN-XY &Y, Hfr B N 10 -5
EARFEER X-Y WREYE b BsRU,
i NCO/ NCS [ 3R M XY. XJ L py 2y 1,
OCN/SCN--XY St FE 1 gor A A’E MBI KT
OCN/SCN--XY JEBH I gor FI A’E [(IME; SFA A
HL P45k B A X 5T, gor T AE $2 Y = F.
Cl. Br FI 72 i o, oy 54 gy — 3. &
5 4T Eupxs M AE TAINLERRE, W LLEH,
TR AR I ORI IRATTT AR H il
TESL o BTV o R e, H iy A B b A L R (1) i
H, e S AR R R T

34 HiRHTHEERER

X —/MERT, S AT  E A o R B H A
Z A, p(total) = p (o) + p (B); afIBHLATHE S 2 Z(Ap
= p()—p B)E XA ANERETHE. XY 7> FIHAp %
T, NCO F1 NCS Jy HHEE, Pt A e 7% 50
14 KW, NCO HEEH No C O JRF1I
g HL 15355 240 591 4 09182 —0.2894 F1 0.3712. NCS
HHHEF N CF S Js 7004 1.1436, —0.8588 Fil
0.7152. fta W, £ NCOFINCS H, Hjigr 1%
FELEPTE N 7. O T SIS s e st FE )
HIEH T3 R, K45 T 59T S B iEH
TSI AR A

RS RRY, EE/ BRI H, AiEd

Complexes Donor NBOs o Acceptor NBOs 5 qcr AE®
OCN--HF N lone pair 82213 H-F anti-bond 88&2‘2 —-0.0064 5(2)2
OCN--HCl N lone pair 82222 H-Cl anti-bond gggi; —-0.0063 ;22
OCN--HBr N lone pair 83222 H-Br anti-bond 8883? -0.0061 ;33
OCN--CIF N lone pair 822;2 CI-F anti-bond 8882(2) —-0.0068 ;gg
OCN--CICI N lone pair 8:22;3 CICl anti-bond 8:8852 ~0.0019 gjg;
OCN--CIBr N lone pair 83222 CI-Br anti-bond 8885 -0.0011 847‘(7)

0.9906 0.47
NCO--HF O lone pair 8323; H-F anti-bond 8883 -0.0024 8:1‘

0.8878 0.66
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ARG NCO/NCS [ HEE S XY(X=H, Cl; Y=F, Cl, Br)la)o-BI554E A IS 5T

MK 3(a)
Complexes Donor NBOs o Acceptor NBOs 5 qcr AE®
0.9903 0.57
. 0.8693 . 0.0013 0.48
NCO---HCl O lone pair 0.9895 H-CI anti-bond 0.0017 -0.0024 0.67
0.8840 0.42
0.9903 0.53
. 0.8660 . 0.0015 0.44
NCO--HBr O lone pair 0.9895 H-Br anti-bond 0.0018 —-0.0026 0.63
0.8829 0.38
0.9898 0.57
. 0.8737 . 0.0022 0.53
NCO--CIF O lone pair 0.9890 H-F anti-bond 0.0029 -0.0033 0.65
0.8832 0.57
0.9904 0.20
. 0.8695 . 0.0011 0.32
NCO---CICl O lone pair 0.9897 H-CI anti-bond 0.0015 —-0.0007 0.24
0.8803 0.31
0.9906 0.11
. 0.8709 . 0.0009 0.26
NCO---CIBr O lone pair 0.9899 H-Br anti-bond 0.0012 —-0.0001 0.14
0.8793 0.26
a) AT Mol EdE, FAT BRI EIE; b) A°E B4 (keal mol ™)
#3b A SCN/NCS-XY H1f) NBO 4 ft
Geometry (a) Donor NBOs ) Acceptor NBOs ) gcr A’E (kcal mol")
. 0.9823 . 0.0058 4.51
SCN---HF N lone pair 0.9792 H-F anti-bond 0.0082 -0.0137 576
. 0.9821 . 0.0053 3.42
SCN--HC1 N lone pair 0.9794 H-CI anti-bond 0.0070 -0.0115 430
. 0.9823 . 0.0051 2.97
SCN---HBr N lone pair 0.9797 H-Br anti-bond 0.0070 -0.0106 373
. 0.9791 . 0.0078 3.21
SCN---CIF N lone pair 0.9753 H-F anti-bond 0.0106 -0.0149 4.01
. 0.9836 . 0.0029 1.02
SCN---CIC1 N lone pair 09316 H-CI anti-bond 0.0041 -0.0043 1.29
. 0.9876 . 0.0013 0.47
SCN--CIBr N lone pair 0.9862 H-Br anti-bond 0.0021 -0.0011 0.70
0.9930 0.08
. 0.9398 . 0.0024 1.24
NCS--HF S lone pair 0.9924 H-F anti-bond 0.0035 —-0.0067 011
0.9477 1.44
0.9929 0.07
. 0.9376 . 0.0028 1.15
NCS--HCl S lone pair 09925 H-CI anti-bond 0.0038 —-0.0068 0.09
0.9454 1.35
0.9929 0.03
. 0.9370 . 0.0030 1.05
NCS---HBr S lone pair 0.9926 H-Br anti-bond 0.0038 —-0.0068 0.05
0.9448 1.23
0.9923 0.39
. 0.9308 . 0.0112 3.09
NCS---CIF S lone pair 0.9917 H-F anti-bond 0.0151 -0.0109 0.41
0.9356 3.89
0.9928 0.05
. 0.9354 . 0.0043 1.12
NCS--CICl S lone pair 0.9925 H-CI anti-bond 0.0057 -0.0034 0.06
0.9426 1.36
0.9928 0.03
. 0.9358 . 0.0036 0.91
NCS--CIBr S lone pair 0.9925 H-Br anti-bond 0.0048 —-0.0065 0.04
0.9431 1.10
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Complexes Ap (N) Ap (C) Ap (O/S) Ap (X) Ap(Y)
OCN--HF 0.0016 -0.0117 0.0122 —0.0002 -0.0018
OCN--HCl 0.0012 —-0.0073 0.0076 0.0007 -0.0022
OCN-HBr 0.0012 —0.0060 0.0062 0.0009 —0.0023
OCN---CIF 0.0014 —-0.0082 0.0083 —0.0028 0.0022
OCN---Cl, 0.0005 —0.0022 0.0023 —0.0014 0.0010
OCN---CIBr 0.0005 —-0.0008 0.0008 0.0009 —0.0012
NCO--HF 0.0039 0.0227 —-0.0261 0.0000 —0.0005
NCO--HCl 0.0025 0.0156 -0.0176 0.0002 —0.0006
NCO-HBr 0.0021 0.0612 -0.0147 0.0002 —0.0006
NCO---CIF 0.004 0.0123 —-0.0157 0.0079 —0.0094
NCO--Cl, 0.0015 0.0042 —-0.0054 0.0039 —0.0044
NCO---CIBr 0.0011 0.0015 —-0.0023 0.0038 —0.0043
SCN---HF —-0.0287 0.0189 0.0123 —0.0007 —0.0017
SCN---HCl —-0.0204 0.0133 0.0091 0.0003 —-0.0023
SCN---HBr -0.0175 0.0114 0.0080 0.0006 —0.0025
SCN---CIF -0.0188 0.012 0.0089 0.0084 —0.0105
SCN---Cl, —0.0094 0.0058 0.0044 0.0039 -0.0048
SCN---CIBr —-0.0063 0.0039 0.0031 0.0038 —-0.0045
NCS--HF 0.0139 0.0181 —0.0005 —0.0006 —-0.0009
NCS---HCl 0.0093 —0.0074 —-0.0007 —0.0003 -0.0010
NCS--HBr 0.0082 —0.0062 —0.0008 —0.0001 -0.0010
NCS---CIF 0.0138 -0.0118 0.0017 -0.0128 0.0091
NCS---Cl, 0.0052 —-0.0044 0.0006 —-0.0042 0.0028
NCS---CIBr 0.0038 —-0.0033 0.0006 0.0028 —0.0039
THEEREES. BRIAEEYH X MY BT B
FEH T8 A N 2%, H 2 Z i/ T 0.0020,
B AR A R TR AR R T g g

DLW, 7E OCN--XY ™1, C Jif Kb 1) e o 55 15 ik
AT NS O J 74k L e fL 7 51 n, H o T A
BEEJERIERT N SR8 nqE, hknr DL
W], AlE FREEEH CIE T O R, 05T
AT XY 4 FHAHR DT I 78 NCO--XY H, HEH
T E EE O JRF#: M N JR 7M1 C JR T, CN J& F
PEF XY 50 T I 5 ). NCS 1 e H 73 3
%5 NCO-XY 21l

SR UL, A/ m e R R, A e T
ol R o R R e N T TR R N N SR 2 A 5 |
EAE A RN EETEH, AR AT
SEYKUL, BT 5 B N XY 4 A R A

A SR FEREST T NCO/NCS H A
XY 4> T o-T S/ i, 6 Lishie T i 2 &/ e gt
PP, EEARRILL N4

() &/HIRT5 N JRTAE RN E AL
5 OIS JRFAHETE M E G kas; S/ st miae
PE R T EE R A, TR R

2) XFAFEIH 454K BB = N, O/S)FIAH A1)
X JRk UL, B AR B F ) B-HF/CIF >
B-*HCI/Cl, > B-*HBr/CIBr.

(3) M EW, NCO/NCS 5 XY [1] ) 1/E ]
J& T A LA AT ELAE T, N--X B 8 M L O/S-- X 4
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RS e LD, HEAE A mFE N R A HE, XASCH
(4) A/ L R, B il NCO/NCS In) BT R EWkd, B et 7% B [ XY 207
XY #F. IR R BN TFARRMB AR MR EES.

g ATESRHEFR A R E4(20973053, 21073051, 21102033, 21171047). #4L4& B REHF 2 4(B2010000371
B2011205058) F 7 L8 # & JT 2£4(ZD2010126) % BY, 4% b Bt
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Computational studies on the o-type interactions between NCO/NCS
radical and XY (X =H, Cl; Y =F, Cl, and Br)

LI XiaoYan, ZENG YanLi, ZHANG XueYing, ZHENG ShiJun, MENG LingPeng*

Institute of Computational Quantum Chemistry, College of Chemistry and Material Science, Hebei Normal University,
Shijiazhuang 050016, China
*Correspongding author (email: menglp@mail.hebtu.edu.cn)

Abstract: The triatomic radicals NCO and NCS are of interest in atmospheric chemistry, and both the ends of these
radicals can potentially serve as electron donors during the formation of o-type hydrogen/halogen bonds with electron
acceptors XY (X = H, CI; Y = F, Cl, and Br). The geometries of the weakly bonded systems NCO/NCS--XY were
determined at the MP2/aug-cc-pVDZ level of calculation. The results obtained indicate that the geometries in which the
hydrogen/halogen atom is bonded at the N atom are more stable than those where it is bonded at the O/S atom, and that
it is the molecular electrostatic potential (MEP)—not the electronegativity—that determines the stability of the
hydrogen/halogen bond. For the same electron donor (N or O/S) in the triatomic radical and the same X atom in XY, the
bond strength decreases in the order Y = F > Cl > Br. In the hydrogen/halogen bond formation process for all of the
complexes studied in this work, transfer of spin electron density from the electron donor to the electron acceptor is
negligible, but spin density rearranges within the triatomic radicals, being transferred to the terminal atom not
interacting with XY.

Keywords: NCO/NCS radical, hydrogen bond, halogen bond, spin electron density
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