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WFFE I, —2% Mgller-Plesset {38771 MP2 43,
B A GO HORE, AERE X RS B S W AR
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%1 RCN-BrY E4Y4FRMEEERGEKI/mol). EKA). HRCemHBREBHE

2EY AECP d(N-Br) Ad(N-Br)® d(Br-Y) Ad(Br-Y)” v(Br=Y) Av(Br-Y)”
FCN-+BrF 2227 2.661 -0.739 1.808 0.015 657.6 -22.8
CICN--BrF —25.54 2.611 -0.789 1.812 0.018 651.7 —28.7
BrCN-+-BrF —26.60 2.596 -0.804 1.813 0.020 650.4 -30.0
HCCCN---BrF -27.25 2.580 -0.820 1.814 0.020 648.4 -32.0
H,CCHCN-BrF -31.61 2.543 -0.857 1.817 0.024 642.9 -37.5
CH;CN--BrF -33.02 2.535 -0.865 1.819 0.026 640.5 -39.9
C,H;CN-+BrF -34.06 2.524 -0.876 1.820 0.027 638.7 —-41.7
FCN:-BrCl -14.82 2.879 -0.521 2.192 0.013 420.6 -11.8
CICN:+BrCl -16.92 2.837 -0.563 2.194 0.015 417.8 -14.6
BrCN:--BrCl -17.61 2.824 -0.576 2.195 0.016 416.8 -15.6
HCCCN-BrCl -17.94 2.813 -0.587 2.196 0.017 416.0 -16.4
H,CCHCN-BrCl -20.67 2.774 -0.626 2.199 0.020 412.8 -19.6
CH;CN-+-BrCl -21.52 2.765 -0.635 2.200 0.021 411.9 -20.5
C,HsCN-BrCl —22.24 2.754 -0.646 2.201 0.022 410.9 -21.5
FCN--Br, —12.47 2.954 —0.446 2333 0.009 310.3 —6.2
CICN--Br;, ~14.24 2913 —0.487 2.335 0.011 308.6 -8.0
BrCN--Br, ~14.84 2.901 -0.499 2.335 0.011 308.1 -8.5
HCCCN-Br, -15.09 2.893 -0.507 2.336 0.012 307.5 -9.0
H,CCHCN-Br, -17.32 2.855 -0.545 2.338 0.014 305.9 -10.6
CH;CN-+Br, -17.94 2.845 -0.555 2.339 0.016 304.8 -11.8
C,H;CN-+Br, -18.56 2.835 -0.565 2.340 0.016 304.4 -12.2

a) Ad(N--Br)F/RE AW dN-Br)#t K 5 N 78 Br L FiufEek e 2 i 2(E; b) AdBr-Y), Av(Br-Y)F /R E G545 8k

Br—Y ## K F R 1 250

2 1H d(N--Br) 7R 43T ] AH B AE F RE 25 W) pe 4
B, Ad(N---Br)Ze 7R I 25 -5 4 R 9 - 9 78 1l A
e Z AN A Br JR AT AR 42 2 AR 3.4 ARy
ZAH, AdBr-Y)FAvBr-Y)E/nRESYH Br-Y H1
SR P4 4 SR 5 R L 25 . W RLE
B Y BB /N T AR R PR R Ve AR AR R
A, VLA TR R A EAE A, B xS, BT
ZAR Br-Y S IGIN . gE R SN, &R
218, X FEIEH TR EAIERESS T Br-Y AT
B, ARSI . SR/, WFE R, MG s
Yy B IE AN R], B L R A LS LA EL Y AR
AR IR AR AR A S SZ KA [RlB), d(N--Br)
1 v(Br-Y)#% & FCN---BrY, CICN---BrY, BrCN--BrY,
CH=CCN---BrY, CH,=CHCN---BrY, CH;CN:--BrY,
C,HsCN--BrY WIFHKIE /N, Ad (N-Br), d(Br-Y),
Ad(Br-Y) FAv(Br=Y ) BUE K /NIUF 5 1R I #6 .
AT L, 5 S 800 % i B A W ) T L AR A 288 I 3

Ry R, 1 SOV AT .+ ROV AR, ]
A EAE PR B M, AT Br—Y A A0AE KR | s
PRI | X EESHAR TR

FLBCAH A FHAE . R RNAFR [ A/ AT LK B,
b B B, A AR REBR, BroY AR R
K, IRSNMTCRM /N, K FRAS LR R R, AHE
YEFIRERR. Y32 AR [RIE, d(N--Br), d(Br-Y),
Ad(Br-Y), v(Br-Y)MIAv(Br-Y)5 1 B /E H g = [A] A
AR AR EM S, LPEM R BII R T 0.99. H
L AT A3 e 3 ) AR R AR R S R W o B AR Y
SR JEE

2.2 S iamdoard

AR TR TN 0.001 au., 73503t
BTSRRI R . 2 ST
CH;CN Al BrF AU A, FIheBiehere . o
R WE (O B AE, 3o w el BA y 07 {3 DE (E A 228 i

2391



MG h & 20115108 £56% 28208

(a) (b)

B2 SFREEFEEN 0.001 aufFkHELE
(2) CH,CN; (b) BrF

k. nTVE W, ERRY T, AR R R L X
BRI ER R X, # R ME (Ve min) B WA 2
Sk R, fE BrF W, YR T HEEHY Br-F fh oy
mAE — s X, R IEFF 3 “o-hole”,
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)8 T 7 2 W e A EVE T, 5 R Sk 55 1
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Bl 4 RCN--BrY S&4rH i x b i 73 AR ME
B E/ER B Z MBI R R

FCN---BrY, CICN--BrY, BrCN--BrY, CH=CCN---BrY,
CH,=CHCN---BrY, CH;CN---BrY, C,HsCN---BrY Jlii |5

RO, BNy 5 A 73T 3R Vs in K/ANBF
—H AL T NSRS SR oy

- T A B B IE AR SR, Vg o 8RB, p ()i
K, Vip(rofk, pi s i i £ FBE . LS dr
R, AR A A 1) o AR b R S
HIVEH.

(i) JETFRM R, 4208 QTAIM™ > i
AT AR F A 45 A SR R4 0 AS TR Y IX sk, %o
AN EF A XA T B4y, T USSR g L SR
et SRR AR A5 D B v I, i
AT DA BT Ak 2 2 o

Koch il Popelier™$ H} T — % S0 AH B 1E
Jo R F A, AR R SR R R A A SR Y
R AN . B RE SR L (AR AR Ak R R AR
W, A SCHI GTA2010 205t 6 5 52 A1) e 2
AT IR F BT, S8 TR PR E A, #
O REL E 3B TR R A YIS
SRRV AT | SRR | R R AR R R
HIAEL(E (Ag, AM, AE, AV).

& 3 RS AT AR L Ag (Br) N IE, Ag (Y)

%2 RCN-BrY 44 N-Br & Br-Y(Y=F, Cl, Br)f# & i &b B 7% B HME B (au)

2EY p(re) Vip(ro) G. Ve H. ~GdV. p(Br-Y)  Ap(Br-Y)"
FCN---BrF 0.0207 0.0878 0.0192 -0.0027 0.0165 7.0293 0.1415 —0.0058
CICN---BrF 0.0235 0.0977 0.0218 -0.0027 0.0191 8.1767 0.1403 -0.0070
BrCN--BrF 0.0244 0.1006 0.0225 -0.0026 0.0199 8.6692 0.1399 -0.0074
HCCCN---BrF 0.0254 0.1040 0.0236 -0.0024 0.0212 9.7801 0.1396 -0.0077
H,CCHCN---BrF 0.0279 0.1111 0.0256 -0.0021 0.0235 11.9720 0.1381 -0.0092
CH;CN---BrF 0.0285 0.1127 0.0261 -0.0021 0.0240 12.5990 0.1376 -0.0097
C,HsCN---BrF 0.0292 0.1148 0.0267 -0.0020 0.0248 13.5685 0.1372 -0.0101
FCN---BrCl 0.0139 0.0565 0.0119 -0.0023 0.0096 5.2203 0.1176 -0.0025
CICN---BrCl 0.0154 0.0622 0.0131 -0.0024 0.0107 5.4937 0.1169 -0.0031
BrCN---BrCl 0.0159 0.0639 0.0135 -0.0024 0.0111 5.5967 0.1167 -0.0034
HCCCN---BrCl 0.0163 0.0656 0.0140 -0.0024 0.0116 5.8292 0.1166 -0.0034
H,CCHCN---BrCl 0.0179 0.0709 0.0153 -0.0025 0.0128 6.2327 0.1156 -0.0044
CH;CN---BrCl 0.0183 0.0723 0.0156 -0.0025 0.0132 6.3496 0.1154 —0.0047
C,H;s;CN---BrCl 0.0188 0.0738 0.0160 -0.0025 0.0135 6.5000 0.1151 -0.0049
FCN--'Br, 0.0122 0.0486 0.0101 -0.0021 0.0080 4.9220 0.1022 -0.0008
CICN-'Br, 0.0135 0.0533 0.0111 -0.0022 0.0090 5.1055 0.1019 -0.0011
BrCN---Br, 0.0139 0.0548 0.0115 -0.0022 0.0093 5.1712 0.1018 -0.0012
HCCCN-*'Br, 0.0142 0.0559 0.0118 -0.0022 0.0096 5.3455 0.1018 -0.0012
H,CCHCN-*Br, 0.0155 0.0605 0.0128 -0.0023 0.0106 5.6070 0.1014 -0.0016
CH;CN--“Br, 0.0158 0.0618 0.0131 -0.0023 0.0108 5.6840 0.1012 -0.0019
C,HsCN--'Br, 0.0162 0.0631 0.0134 -0.0023 0.0111 5.7931 0.1011 -0.0019

a) Ap Br-Y)E /R & GW 5 ik Br-Y #7525 (8
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*3 EAMSHEFREFRMMERHEML Y
BZEW Aq(Br) Aq(Y) Ag(BrY) AM(Br) AE(Br) AV(Br)
FCN-BrF 0.0209 -0.0384 -0.0174 -0.1766 -0.3928 —12.4502
CICN:-BrF 0.0227 —0.0446 -0.0220 -0.1986 -0.1203 -13.2271
BrCN-BrF 0.0232 —0.0464 -0.0232 -0.2057 —0.0334 -13.6951
HCCCN-BrF 0.0249 —0.0483 -0.0234 -0.2122 -0.5250 -14.2220
H,CCHCN-BrF 0.0252 -0.0572 -0.0320 -0.2434 —0.4303 ~14.9404
CH;CN-BrF 0.0248 -0.0583 -0.0335 -0.2486 —0.3582 ~14.8100
C,HsCN-BrF 0.0248 —0.0601 -0.0353 -0.2562 -0.3995 -15.1308
FCN-BrCl 0.0491 —0.0545 -0.0054 -0.1272 —0.4946 -10.9574
CICN:+BrCl 0.0549 -0.0627 -0.0078 -0.1385 -0.2905 ~12.1499
BrCN-BrCl 0.0570 -0.0652 -0.0082 —0.1430 -0.3082 -12.2107
HCCCN-BrCl 0.0583 —0.0668 -0.0085 —0.1456 -0.6168 ~12.7744
H,CCHCN:-BrCl 0.0680 -0.0812 -0.0131 -0.1662 —0.5634 ~14.2068
CH,CN-+BrCl 0.0695 —0.0835 -0.0140 -0.1701 —0.4908 -14.3553
C,H;CN-BrCl 0.0713 -0.0863 -0.0150 -0.1741 -0.5319 -14.5033
FCN--Br, 0.0553 —0.0577 -0.0024 -0.1115 -0.5737 -10.8423
CICN-Br, 0.0618 -0.0664 -0.0046 -0.1192 —0.4900 -12.1762
BrCN-Br, 0.0639 —0.0691 -0.0052 -0.1216 -0.5106 -12.4957
HCCCN-Br, 0.0648 -0.0701 -0.0053 -0.1241 —0.7003 -12.7220
H,CCHCN-+Br, 0.0771 —0.0860 -0.0088 -0.1403 -0.7692 -14.6838
CH;CN-+Br, 0.0792 —0.0888 -0.0096 -0.1442 -0.7211 -14.8163
C,HsCN-Br, 0.0814 -0.0918 -0.0103 ~0.1469 -0.7676 -15.1376

a) g, T RRIMSHTT; E, BT REH M, T EGE; V, TR

NI, Ag (BrY) N, Rt s &4)E =R T
BRI, Y T AR e ek, T
ZAR BrY BB . ULRATE B b R, T A
R — 43 L AT 1) L T2 AR 55 B8, 45 Bry A581HT,
BrY H2|H 5, Xty TR ET 2. MHET
ZARMEE, Aq(BrY)5U{E%#% FCN--BrY, CICN--

BrY, BrCN--BrY, CH=CCN---BrY, CH,=CHCN---
BrY, CH;CN-BrY, C,HsCN--BrY JIiiJF#0, iX 5%

e b BOPCSE 1375 S 2800 RNy — B W 17
RN, TS RONEOR, BrY 3R 2
HLF. 0 HTAq(BrY) S5 A1 EAE FHRE A & K 3, BrY
RE BT E, MEAEHGEBKR, AgBrY)5AET
HARIGFLIERR, RIEMKREN 0.997. [HiL
FEL i 2P 2 R W) 1 R R BE RN LI R —

o3 WA AR RO AM(Br) & B, B Sk B,
T2 R R R B A AR PN, T L TR T AR
FEASACHBROR, AR A b B i B A 33k 2 PR R Il
e, BT R B A T2 2 5 ZAMER Y BT AN
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JE RIS, T IE B R A A O AR AR T, A
T i B LA /)N

Hi& 3, 1R 51 B9 BE i ALK BUE {6 (B AE(Br),
AVBOE RN TE, Fone k2 ayin, BT
F14) BE F5E R (A AR 5 B (A EE R A AN ) 2 B2 B9, L
W] el R 00 B AR R T AR e I ARE, PRRE
& IR B .

4 HEMEEREHERSEY

2 AEi, Eeistat Epaui Eoi

FCN-BrF -21.66 —42.54 54,58  -33.71
CICN:-BrF 2530  -51.33 67.44 —41.41
BrCN-BrF -26.62 -53.72 71.30  —44.20
HCCCN-BrF -26.37 —55.40 75.89  —46.86
H,CCHCN-BrF  -32.52 -67.02 89.28  -54.78
CH;CN-BrF 3440  -70.78 9277  -56.40
C,HsCN-BrF -35.66 —73.32 96.59  -58.93

a) AEin = Epauti + Eetsia + Eoi. H440: kJ/mol
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Morokuma %5 A P31\ kg 43 8] A0 B4R 6 35 %
HLAH BRI HE R A AN BB AR B AR, e
AH B AE 2 o e R B AR A VEE . S T T
2 AW 45 Fh e B A XA ELAE T RE I sk,
ADF2008.01 &% %17F BLYP-DZP( L %t5)/KE T,
PIE &Y RCN--BrF(R= F, Cl, Br, C=CH, CH=CH,,
CH;, CHs) WACRIAT T REE AT, 4555 T3k
4 v ATLIE A AR AE (Easw) FNELIE A7
YEHBE(Ey) FTUE, HFIHET BB (Epwi) A IE(E, Pt
A YRR e TR R R NP A ELVE R e
B, HHL Eersad F1 Eoi BB I /INAT WL, Eepga Ll Eoi B4
XHEH R, A WTE K R G e it B2 v, e A
AP b R g 5 B R Ak A R 2 T R A PO

3 iR

1E MP2/aug-cc-pVDZ HEI/KFE b, R &L
2K B % B AR N B vk, X RPN
R-C=N (R=F, Cl, Br, C=CH, CH=CH,, CH;, C,Hs)5
XK 43 BrY (Y=F, Cl, Br)[a[JE 1) n AY i AT T
RIS, W TR JRENE . A
EHfE . #r s B2 EHIMERSE, 0 T

it

%75 Sk

FHREEE RFE KRG BRAME A L

Y B AS S5 R BT RRAE.

(1) HFEERIN IR0, pa e S b
V2p(ro)>0, H>0, -G./V.>1, RCN 5 BrY ] J& T M 7% 2
L AE ELAE L R R Sk 55 1

(i) Fed BRI A E SRV R o F 5
o JUMTR RS AH ELAE FH BB RN R 28 R M A
95 HL U5 RO K L W S AN R, (7S N
Ji - b R R ORI . N Br B R A
HL T3 BN S8 (0 (ro), V2o (ro), Ge, Ho F1—-G/ V)
K 43T IaIAH EAE i

(i) R SR (d(N-Br), d(Br-Y)). #fi
R (v(Br=Y)) HIHL T % W HME TR (0 (), VP (o), p
(Br-Y), Aq(BrY))%5 5 7+ A A BAFE F A8 2 AT 347 1Y
SRR G, S B T DAV by i B R A 4

(Iv) FEREE AL, B A RCN [H]
BrY ¥, {115 BrY o farili /)y, 1R B R
I TR (R AR R T AR R AR /N

(V) #5321 0w B o0 AH B4R T e
2% B M T A A B SR R, R A /MR
B, 43 () AH B AR R, pe S o A L 12 B S
H: Laplacian &#K. i VE R 7E 437 8] <1 B AH BLAE
v k#5545 2 RAE .

BT T REH B

N N R WD =
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Structures and properties of halogen bonds between cyanide and
dihalogen molecules

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

Institute of Computational Quantum Chemistry, College of Chemistry and Material Sciences, Hebei Normal University, Shijiazhuang 050016, China

A systematic theoretical study of halogen-bonded complexes R—-C=N--BrY (R=F, Cl, Br, C=CH, CH=CH,, CHj3, C,Hs; Y=F, Cl, Br)
was performed at the MP2/aug-cc-pVDZ level of theory. The nature and characteristics of the halogen bonds were studied by ab initio
calculations and the quantum theory of “atoms in molecules” (QTAIM). Electrostatic potentials, equilibrium geometries, vibrational
frequencies, and topological properties of the electron densities were investigated systematically. The results show that n-type halogen
bonds are formed between RCN and BrY and that the studied halogen-bonding interactions are all “closed-shell” electrostatic
interactions. Complex formation results in elongation of the Br—Y bond and a red-shift of its vibrational frequencies. The inductive
effects of substituents on the cyanide significantly influence the complex geometries, strengths of the halogen-bonding interactions,
topological properties of the electron densities, and atom basin integral properties. The electrostatic potentials correlate well with the
strengths of the halogen-bonding interactions and the electron-density topological parameters (p(rc), V2p(re), Ge, He, =G/V,). Charge
transfers were observed from RCN to BrY in the formation of the halogen-bonded complexes. The energy, dipolar polarization, and
atomic volume of the bromine atom all decrease upon complex formation.

intermolecular interaction, halogen bond, inductive effect, topological analysis of electron density, atom basin integral
properties
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