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Brief Discussion of the Influence of Ring Strain on Infrared Absorption
Frequencies of C=C and C=0 Double Bonds

Yanchun Guo, Huiting Wang, Donghui Wei, Xiaolan Chen, Shuxia Cao *
College of Chemistry, Zhengzhou University, Zhengzhou 450001, China.

Abstract: Infrared spectroscopy is an important content of a college course “spectroscopy analysis”, and the
understanding of the influence of ring strain on infrared absorption frequency is a challenge. No rigorous and detailed
explanation on this exists in the current textbooks, making students still confused when they accept the conclusion of
the influence of ring strain on infrared vibrational frequency. Here, we use the density functional theory (DFT) to
calculate the strain energy, bond length, bond angle, vibrational frequency, and orbital proportion of related bonds
based on the fully optimized molecular structure. Based on the results of DFT calculation, the effect of ring strain on
the vibrational frequencies of C=C and C=0 double bonds is explained reasonably and in detail.

Key Words: Infrared spectroscopy; Ring strain; Vibrational frequency; Density functional theory;
Vibrational coupling
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45 SRR e B N AT O 2 TI R (S A2 1K) 5 TR AT RN, AVEAEAE DL, DR sk S 20 B KA AN S B —
LT, SERBR ) EE B AR AL 2 2 A RN 5B R 45 2R .

FEHCEE A A WAL & VR R R U R R, W 23 MR S 3R sk i 5md . 3%
5K 1 RO BIPA A B DL R IR SN IR BN IR . — O IR 9 IR TR TN, 3 Ah RO
IR, WA PSR ARSI N In L FTR , REFRANC=CXUBE S 3F . C=0KUt, BEHE A
FRTHH (6 > n > 3D, FIK TGN, ISR IR S A A NI s 1% T 28 A C=CXL
B, REHE FBA R B (62 n > 4) I, PASK I8N, HIRBIACRA N /s AR 1 Zn =3
I AN, C=CXUR RO AR ST Th e XTI, V2 B EORAERR 5K T 7R 1] o 45
B IR DU R IR S A AT 0 b, R A Y — AN B4 THT P AR

CHy CH, CH,

OO & A

Ve=c 1651 cm™ 1657cm™ 1678 cm™ 1780 cm’
0 0 0 o
Voo 1715cm™  1745cm™  1780cm™ 1815 cm™

O O & A

Ve=c 1646 cm’ 1611 cm' 1566 cm™ 1656 cm™
B BRI FA S DL R BR Y SBR IR B AT ER [ B M

XTI TR SR LA GG IR SR A E I 224k, BAC=CXU B, A e H0h4 25 I Ry -
XFFIRANXUEE, T A SN IR C — CHL R A A BB PR 5K 0 BOHE GBS, O 1 I 2 PR A
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F Gaussian 16 W#EDFT/B3LYP/6-31G(d,p)it S AKF R HEAT 25 MR AL AR 115 (opt + freq)Fl H 48
IG5 T RINBOZ My, 15 21565 Mg K | 8 A7« Z0AMIRBNATR « 22 AL 308 B2 Ak 0 BE s - Gaussian
THE AL AMR SR T 20 T AE IR & m i A%, — M 25 B B0k E/hF1.0
IR IER T 5K TR RSO KIIMEA— NS RIE R, BANTOHMTK DR AE, 11H
HHARAL APk IR, SRANT R AR IR K 1A 4k .

2 AFRIIXIR ST IR B KT

FELLANETE T, ZLANETE 7> IR B0 75 R A R E SEAL S B IR B o 1207 R (0 2 ST 2 JE XU
T T AT A 1 1 IR TR ROR AR, AR 28 3 /) £ Hooke & HHHE 3 Y TH S AL SA B AR SR (1 75 2
Ao wrr AR

1 |k _ mi-m2

2n\ 1 mi+m2

k: J1EE, RoRWANRF PO B ALK G RE T WA R mis mod AN EEAS
TV R B T 1 B R o

W4 TR A2, o 3 S B AR S AR S R v B T A R R L, S
1R B . 3 BT DL B AL g IR RREE,  RUBE AN =k 1) 1 UK 2 il H
BEE B2 R34S o 6T A R R AR A A 2, AR EAM . 1R G K, AR
PR, Fln, X o=CH, HIEBN15.6x 10°N-m™!, iFESIRSMZE H2101 cm™", 5L
B4l 2R TG B N 2150-2100 cm™; X FC=CHE, HIJTH £ N9.7 x 102 N-m™!, THHAFHR3NHH
N1657 em™, SEBRAREEHAIRVEFE N1900-1500 cm™ s X FC—CHE, HITHE B N4.5x10°N'-m™!, 5
BIRFIAE A1128 em ™, SLFRIRESN AR TG A 1300-800 cm™' Bl WAL £ 5B B2 Sk, BB LIE
SHUE B N, 1 B8R, M RARGE IR SR IE K, BT DA Dlsp 44 40 % 3K R 1) B I s 4 %6 e K
1M Phsp 22 A0 7 3R B 1 SR B IR s AR B/ o DRLBE S TR AL &9, 3R 5K 71840, 454 4 TR
B RN, TR R, LTS REAT, A4 5k sh R ARk 1 R %58 2 715 )
A, BT HE B R S BE S R . B IR, IR B IR B AR . R
N T T ER IS B A A R R AR, FREK . B B AR ARG IR A SV AR Sh AT R R R,
BATFIH Gaussian 16X A P4 XU (1 RFAE AL S P IEAT 25 B AL FIAT R 01 B (opt + freq), 152551k
G ORER R . B A (O)FNZLAMIR IR (ve=cBve-o) IR, R IMK2FR . FHEXEHIC=CHE
WEMC=CENIsHIBE Ry pEUIE R AL EWIEK JIREHHAT T, WR1FTR.

Rl HIC=CRMRIE. BEK. C=CRMC—CRIIRA©O). PLERT RKIEITHER

CH, CH, CH, CH,
[y Pt & & g>

ve=c/em™ (Calc.) 1669.92 1674.86 1698.24 1781.62

ve=c/em™! (Obs.) 1651 1657 1678 1780
Bond angle (0)/(°) 122.88 125.80 133.89 148.39
C=C Bond length/A 1.336 1.333 1.329 1.322
s character in C=C/% 37.86 40.09 42.82 47.90
p character in C=C/% 62.11 59.88 57.15 52.07

Strain energy/(kJ-mol™") 0.00 12.92 88.24 127.84
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F2 FHC=O0R MWK, BEK. C=OBNC—CEURMO)ITELER

9 0 0 o
etk é & g> K

ve-o/em™ (Calc.) 1749.83 1776.92 1820.41 1882.48

ve=o/em™! (Obs.) 1715 1745 1780 1815

Bond angle (6)/(°) 122.40 125.82 133.78 147.75
C=0 Bond length/A 1.216 1.211 1.203 1.203
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B RN A I B 8 A — AN EE R R R O iy T8 A 025 i AR A BT A RO Bl AR ALL T
AREN I T7 R A REEDL, BT UAE DS RSO ZL MR BN, 220K XUBE 5 AH 48 1) C — CEL B (1 R 3
MEHIEEN, JEEE RN 5 C— CHAE I A AR IR & I . nE2PRP], 2
C—CHEHC=CAIMA KT (BN T) 90°rf, C—CHEMMLIIRSIve-c Tl A7 fi# Hya, b7 ) L
MRE, Hha5C=CRMEHIIMES, C—ClEaMIREEE TC=CHIERNES, Wik
A LG, SHC=CRB IR &, bRESC=CRMEBM T M LERL MEFEHZ
WA 2 A R BN R A N0, ve- e R fEaTT T EREONE, ILC—CHE 5 C=CRINR
X Z AR AR E

b

B2 BRC—C=CRAEIRIRM N C=CRIRN MR M MR R

BT RE PRSI E X T IR AMEE I 52 M, 3R 1 IR R 7 C = C U (1) 4 45 HR 30 5 A AT 1 C — Cfift
GRS AR KRNI A . BEEHR K IMIE K, C=CHFC—CHEMNIF 04557 H122.88°14 K F|
148.39°, v M RAEC=CRUEE Ty 7] b % B (ady B #iE K, KbC—CHg 5 Cc=Cig iR ahii 2
F) 8 B FH IR K, S EC=CXUEE RSN ATH Z 8 K, thgh 5 C=CXUsE ) Bt sem 2
RTEAE B .. BRI IRINC = CRUE IR S 2 W G K 1 45 5, RC=CXE 1% Bl KU LS
C—CHUBER G VE ISR 7 TS 25 . FIEE, XF 3R HRAPC=OXUE 1 4a ks, Bl 5K
TR, C=08 5HAMC—CHBMFMOZTEIE AR, FIHC—CHEESC=08 iR a4
HEREZHE K, FEC=0X MIRIINEZHIE K. 2T T E AR AR HC=00 5, LK
AL, (H AP C=0% 5C—CRE1) I M6 (147.75°) i K T3 T B (1648 (133.78°), & ARIK T4 R
HC—CHE 5 C=ORE MR N 3 2 18] (8 A VB FH R, TR B30 TR i 114 C = O WUBEE BE 2L A B K 1) 0 4
T HLAAH AT C— RS & 1 F fii, BT DAL IR B A% B K

3 FRTRITER XU IR B AR KR
N T B GEIRTRIIS AR RIFEE , AT it B T O RS T R C=C
WK, C=CHRMC—CRKIIAMG), LIMRIIIIE (ve-c)s PUERD KIKIIRE, WRIFIR.

K3 HAC=CEMLIMRIME. K. C=CRMC—CRIKA©O). TERDTRKIRITELER

e P @ @ @ A

ve=c/em™! (Calc.) 1669.24 1635.66 1594.63 1686.52
ve=c/em™ (Obs.) 1646 1611 1566 1656
Bond angle (6)/(°) 123.53 112.10 94.39 64.61
C=C Bond length/A 1.337 1.335 1.340 1.295
s character in C=C/% 38.61 37.52 36.32 35.94
p character in C=C/% 61.35 62.45 63.63 64.01

Strain energy/(kJ-mol ") 0.00 10.19 105.97 202.30
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