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Results of complete geometry optimizations of the rotational isomers of oxalyl fluoride and acryloyl fluoride at a variety of 
computational levels are reported. These molecules are found to have planar s-trans (anti) and s-cis (syn) cxmformations. The 
RHF/6_31G//RHF/6_31G harmonic force fields of these molaxles are calculated as analytical second derivatives, and the vi- 
brational frequencies are obtained from the corresponding scaled quantum mechanical force fields. Some nxssignments of fun- 
damental frequencies are suggested. 

1. Introdtwtion 

Combining quantum mechanical calculations of the 
vibrational force constants with an experimental 
scaling procedure has proved to be very successful in 
the interpretation of rotational isomerism. Recently, 
such an approach was used to analyse the structures 
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and vibrational spectra of the s-trans (anti) and scis 
(syn) conformers of glyoxal and acrolein [ 11. 

The rotational isomerism of the fluor derivatives 
of these molecules, oxalyl fluoride (ethanedioyl di- 
fluoride) and acryloyl fluoride (2-fluoro-2-pro- 
penal) (see tig. 1 ), has been investigated using var- 
ious methods. In the case of oxalyl fluoride, two 
possible forms of the high energy conformer have been 
suggested, cis and gauche [2-l 11. The experimental 
vibrational spectra of the rotamers has been mea- 
sured [ 3,6,12 ] and an empirical vibrational analysis 
hasalsobeencarriedout [13-19].Themostrecent 
vibrational reassignment of the trans conformer of 
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oxalyl fluoride was completed in 1985 [ 201. 
At present it seems well established that acryloyl 

fluoride has two planar (traits and cis) conformers 
Fig. 1. Numbering of atoms: (a) oxalyl fluoride, (b) acryloyl 
fluoride. 
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[ 9,2 l-271. This conclusion was drawn from a micro- 
wave investigation of this molecule [ 2 11. AH for the 
rotation has been measured [ 2 l-28 ] and AE has also 
been predicted by ab initio calculations [ 9,27 1. An 
experimental vibrational analysis of these two moleo 
ular forms has also been reported [ 24,26,27,29], and 
an empirical analysis of the vibrational spectra of the 
two conformers was performed in refs. [ 27,301. An 
ab initio vibrational study of this molecule is also 
given in ref. [ 27 1. 

This paper reports an ab initio study of the geo- 
metrical parameters and the vibrational spectra of 
oxalyl fluoride and acryloyl fluoride and correlates the 
structures of their conformers with the correspond- 
ing experimental spectra. 

2. Method of calculations 

Complete geometry optimizations of the two sta- 
ble forms of oxalyl fluoride and acryloyl fluoride were 
carried out using the standard gradient method at the 
RHF/6-3 1 G and RHF/6-3 1 G* levels [ 3 1 ] with the 
GAUSSIAN 82 [ 321 and GAUSSIAN 86 [ 331 pro- 
grams. Both structures of acryloyl fluoride were also 
optimized at the MP2/6-3 lG* level [ 34 1. Cis and 
gauche forms of oxalyl fluoride were also investi- 
gated at the RHF/6-31G* and MP2 and MP3/6- 
31G//RHF/6-31G and MP2 and MP3/6-31G*// 
RHF/6-3 1 G* levels. Energy differences between 
gauche (twisted, 30” ) and s-cis (planar) oxalyl 
fluoride are listed in table 1. The geometrical param- 
eters obtained are given in tables 2 and 3. The Carte- 
sian force constants were calculated at the RHF/6- 
3 1 G level using analytical differentiation. They were 

Table I 
Energy differences between gauche (twisted, 30” ) and s-cis (planar) oxalyl fluoride, G-CF-CF-0 

Energy/geometry 7clco0 (au) 

cis (0”) gauche(30”) 

AE 

(kcal/mol) 

RHF/6-31G//RHF/6-31G -424.139667 -424.138599 0.67 
MP2/6-3lG//RHF/6_3lG -424.816777 -424.816051 0.46 
MP3/6-3 1 //RHF/6-3 lG -424.783639 -424.782861 0.48 
RHF/6-3lG*//RHF/6-3lG+ -424.333944 -424.33342 1 0.33 
MP2/6-3lG*//RHF/6-31G* -425.265297 -425.264734 0.35 
MP3/6_3lG*//RHF/6_3lG* -425.253766 -425.253176 0.37 

Table 2 
Structural parameters and complete energies of s-tram and s-cis oxalyl fluorides (distances in Angstrom, angles in degree, and energies in 
atomic units) 

Parameter s-trans G-CF-CF-G s-cis G-CF-CF-G 

exptl. a) 
[42] 

r(C-C) 
r(C=G) 
r(C-F) 
LG-C-C 
L F-C-C 
energy 

1.536(3) 
1.180(l) 
1.329( 1) 

126.0(2) 
109.8( 1) 

4-31G 6-31G 6-31G* 
PI this work this work 

1.500 1.5025 1.5248 
1.181 1.1805 1.1622 
1.338 1.3475 1.3003 

145.4 126.14 125.13 
111.8 110.90 110.57 

-423.72535 -424.14046 -424.33546 

CA. 

631G 6-31G* 
this work this work 

1.5049 1.5271 
1.1803 1.1604 
1.3484 1.3049 

124.53 123.78 
112.65 112.13 

-424.13967 -424.33394 

l ) r, stfucturc. 
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Table 4 Table 5 
Definition and numbering of local symmetry coordinates of ox- 
alyl fluoride 

Definition and numbering of local symmetry coordinates of ao 
ryloyl fluoride 

No. Description DdiUlitiOll 

1 v(C-C)str. r(C3-C2) 
2 u(Go)str. r(C2-01) 
3 u(GO)str. r(C3-04) 
4 u(C-F)str. r(C2-FS) 
5 v(C-F)str. r(C3-F6) 
6 G(C-GO)bend. L C3-CZ-O 1 
7 G(C-GO)bend. ~C2-C3-04 
8 p(C-F)rock. (LF~-C~-C~-LFS-C~-O~)/\/~ 
9 p(C-F)rock. (f.F6-C3-C2- LF6-C3=04)/fi 

10 x(C-F)wa& FS out of Ol-C2-C3 plane 
I1 z(C-F)wag. F6 out of 04-C3-C2 plane 
12 r(C-qtors. (r1234+75234+71236+75236)/2 

No. Description 

1 v(C-C)str. 
2 u(GC)str. 
3 u(Go)str. 
4 v(C-H)str. 
5 u(C-F)str. 
6 u(-CH*)str. 
7 v(-cHz)str. 
8 b(C-GC)bend. 
9 B(C-GO)bend. 

10 p(C-H)rock. 
11 p(C-F)rock. 
12 b(-CH&iciss. 

then transformed into local (valence) symmetry co- 
ordinates [35] (seetables4and5,andfig. 1) and 
scaled using experimentally determined factors [ 36- 
38 1. Two distinct sets of scale factors were utilized 
for correct@ the force constants. In the fast case, A, 
the congruent transformation of the force constant 
matrices were carried out using a diagonal matrix with 
the elements set to 0.8112, since ab initio calculations 
at the RHF/6-3 1 G level overestimate the majority of 
the squares of vibrational frequencies by =2096. In 
the second case, B, thescale factors given in table 6 
were used. These factors were obtained by matching 
the calculated and experimental values of the vibra- 
tional frequencies for glyoxal [ 11, buta-1,3diene 
[ 391, and formyl fluoride by a least-squares tech- 
nique [ 401. The corresponding force constants (B ) 
are listed in tables 7 and 8. The vibrational lkequen- 
ties of oxalyl fluoride and acryloyl fluoride were not 
used in the refinement of their force fields, and in this 

13 P(-W)rock. 
14 7(c-c)tOrs. 

15 AC-Hbw- 

16 z(fJ-Fbw. 

17 x(-cH2h%. 

18 t(Gc)twist. 

sense, they may he regarded as a priori force fields. 
The vibrational frequencies for all four molecules 

were then predicted with both scaled quantum me- 
chanical (SQM) force fields (A and B) (see tables 9 
and 10). For s-tram oxalyl fluoride the mean ampli- 
tudes of vibrations [ 4 1 ] were also calculated (table 
11). 

3. Dlscuasion 

3.1. Oxalylfluoride 

As was mentioned in section 1 the structure of the 

Table 6 
Scale factors for force fields 

DdiitiOll 

r(C3-C2) 
r(C4-C3) 
r(C2-01) 
r(cSH8) 
r( C2-F5 ) 
r(C4-H6) 
r(C4-H7) 
L C2-C3-C4 
LC3-C2-01 
(LH8-C3-C2- LC~-C~-H~)/& 
(LC3-C2-FS- LOI-CZ-FS)/fi 
(2LH7-C4-H6- LC~-C~-H~ 

- LC3-SH7)/& 
(LC3-C4-H6- LC3+l-H7)/fi 
(r1234+71238+75234+75238)/2 
H8 out of C4-C3-C2 plane 
F5 out of 0 l-C2-C3 plane 
C3 out of H7-C4-H6 plane 
(Q346+72347+r8346+r8347)/2 

Type of the 
coordinate 

C-C str. 
GCstr. 
Gostr. 
C-H str. 
C-F str. 
LGC-C, LC-C-H 
(in-plane) 

Scale 
factor 

0.8402 
0.7573 
0.8235 
0.8301 
0.8252 
0.7944 

Type of the Scale 
coordinate factor 

O-C-C in-plane 0.7917 
O-C-F in-plane 0.9021 
C-C (acr.)tors. 0.7584 
C-H, lcHz wag. 0.6706 
GC twist. 0.7980 
C-F wag. 0.7926 
C-C (gl.)torn 0.5189 
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Table 7 
scaled quantum mechanical (SQM) force fields of s-tram and s-cis oxalyl fluorides (O-CF-FGO) (mdyn/A, mdyn, mdyn A) ‘) 

i,i F(U) i,i F(i,j) 

trans cis 

1, 1 4.4224 4.4238 796 
2, 1 0.3548 0.388 1 a, 1 
2-2 13.6403 13.6361 a, 2 
3-2 0.0314 0.0130 a, 3 
4, 1 0.2140 0.1858 a, 4 
4,2 0.9645 0.9675 a, 5 
493 0.098 1 0.0533 a, 6 
494 5.9423 5.9067 a, 7 
5,4 0.0182 0.1374 a, a 
6, 1 0.1150 0.1147 9, a 
6,2 0.1896 0.1922 10,lO 
693 0.1759 -0.1207 11,lO 
694 -0.5570 -0.5512 12,lO 
6, 5 -0.1022 0.1559 12,12 
636 1.2661 1.2749 

‘) For the definition and numbering of coordinates see table 4 and fia. I. 

tram cis 

0.0508 -0.0119 
0.3291 0.3523 

-0.3850 -0.3882 
-0.0353 0.1038 
-0.0430 -0.0595 

0.0956 -0.0192 
0.0926 0.0816 
0.0164 0.0049 
1.1617 1.1838 
0.0586 0.1003 
0.3512 0.3658 

-0.0218 0.0233 
- 0.0070 0.0052 

0.0073 0.0045 

second stable form of oxalyl fluoride is still being de- 
bated. In this connection we have computed energy 
differences between a twisted (30” ) gauche form and 
a planar (0” ) s-cis form of oxalyl fluoride at several 
different levels of computation (see table 1) . The en- 

ergy differences are quite small, less than 0.50 kcal/ 
mole in most cases, indicating that the potential curve 
near the cis minimum is very flat. The energy differ- 
ence is especially sensitive to including polarization 
functions in the basis set, since changing from the 
RHF/6-31G//RHF/6-31G level to the RHF/6- 
3 lG*//RHF/6-31G* level results in 50% decrease in 
AE. On the other hand, correlation effects play a rel- 
atively small role in this energy difference. It may be 
noted that this effect is associated with a low value 
for the scale factor for the torsional coordinate 
(0.5 189, see table 6 ) . This factor was transferred di- 
rectly from glyoxal, for which a stable planar cis form 
is frmly established by a microwave study [ 441, and 
gives excellent agreement between the computed and 
experimental torsional frequency v7 of s-tram oxalyl 
fluoride (table 9 ) . 

Thus the best computational evidence to date 
strongly suggests that the high energy conformer of 
oxalyl fluoride is planar s-cis. Furthermore, using the 
available experimental data, particularly the vibra- 
tional spectra can help clarify the situation as we shall 
soon show. 

The calculated geometrical parameters (table 2) 
reproduce quite well the unique features of the exper- 
imental structure of trans oxalyl fluoride as mea- 
sured in the electron diffraction study [ 421. It is in- 
teresting to note that the value of the G-C-C angle 
decreases in going from the trans to the cis con- 
former. This is contrary to the case of glyoxal [ 1 ] and 
may suggest some F...F interaction. It should be men- 
tioned that the value of the G-C-C angle calculated 
in ref. [ 21 deviates sharply from the experimental 
value and the values computed using the 6-31G and 
6-3 1 G* basis sets. 

The vibrational frequencies computed with both 
force fields A and B are quite close (table 9), and it 
is possible to carry out the assignments of the exper- 
imental bands, generally speaking, with force field A. 

The present calculations support the reassign- 
ments of the 513 cm-’ band of tram OCF-FCO to 
the symmetrical bending of the G-C-C angle (v.+) as 
was suggested in ref. [ 20 1. However, the most signif- 
icant reassignment which follows from our calcula- 
tion is connected with vibrational modes yz and v3. 
In all previous analyses the band at 1278 cm- * was 
assigned to the C-F bond stretch [ 3,6,12- 191. The 
vibrational forms of v2 and v3 am highly “mixed”. In 
order to avoid this difficulty the vibrational prob- 
lems were solved for isotopomers with r3C. The iso- 



Table 8 
Scaled quantum mechanical (SQM ) force fields of s-tram and s-cis acryloyl fluorides (mdyn/A, mdyn, mdyn A )‘) 

1 2 3 4 5 6 7 8 9 

s-trans 
1 5.0969 
2 0.3419 8.6323 
3 0.498 1 -0.0917 12.805 1 
4 0.0173 0.0558 0.0241 5.2746 
5 0.3194 -0.0135 1.0401 0.0047 5.0199 
6 -0.0001 0.0329 0.0164 0.0097 - 0.0043 5.2594 
7 -0.0368 0.0280 - 0.0073 - 0.0078 0.0204 0.0133 5.2984 
8 0.3374 0.2555 0.1035 -0.1288 0.0040 0.0402 -0.1057 1.2258 
9 0.0955 0.0296 0.2073 - 0.0489 -0.6511 0.0063 0.0343 0.0627 1.3119 

10 0.1852 -0.1776 -0.0037 0.0215 0.0578 0.0093 -0.0198 - 0.0066 - 0.0705 
11 0.3377 0.0181 -0.3733 0.0262 - 0.0077 0.0048 - 0.0446 0.1131 0.0741 
12 -0.0108 - 0.2005 o.ooo4 -0.0040 -0.0227 0.0514 0.0454 -0.0188 -0.0150 
13 0.0171 -0.0059 0.0279 -0.0272 -0.0196 0.0904 - 0.0842 0.0439 0.0309 

10 11 12 13 14 1.5 16 17 18 

10 0.5101 
11 0.0521 
12 0.0153 
13 0.0388 
14 
15 
16 
17 
18 

1 2 3 4 5 6 7 8 9 

1.3116 
0.0 0.4444 

-0.0280 0.0036 0.5359 
0.0238 

-0.0112 0.2176 
-0.0048 -0.0136 0.3906 
-0.0011 0.0219 -0.0105 0.2650 

0.0087 -0.0031 0.0204 -0.0005 0.1284 

s-cis 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

5.0442 
0.3381 
0.5602 
0.0066 
0.2778 
0.0 

-0.0159 
0.2622 
0.1926 
0.1983 
0.2623 

-0.0018 
0.0327 

10 11 12 13 14 15 16 17 18 

8.6080 
-0.1293 

0.0524 
-0.0186 

0.0319 
0.0486 
0.2314 

-0.0681 
-0.1766 

0.0405 
-0.1956 
-0.0007 

12.6070 
0.0064 
1.0430 

- 0.0035 
0.0171 

-0.0078 
0.1888 
0.0479 

-0.3704 
-0.0157 
- 0.0073 

5.3072 
0.0280 
0.0095 

- 0.0076 
-0.1214 

0.0623 
0.0102 

-0.0352 
-0.0042 
-0.0265 

5.1806 
0.0127 

-0.0030 
0.0885 

-0.6442 
0.0057 
0.0112 
0.0013 
0.0358 

5.2662 
0.0126 
0.0389 

-0.0032 
0.0088 
0.0084 
0.0508 
0.908 

5.2449 
- 0.0608 1.1092 
- 0.0228 - 0.0488 1.3397 

0.0192 -0.0076 0.0747 
0.0044 0.0795 0.1263 
0.0352 -0.0049 0.0197 

-0.1024 0.0771 -0.0112 

10 0.5083 
11 -0.0138 1.2264 
12 0.0149 - 0.0097 0.4416 
13 0.0393 0.0114 0.0045 0.5272 
14 0.0169 
15 -0.0025 0.2318 
16 -0.0015 0.0169 0.3812 
17 -0.0011 0.0209 0.0109 0.2633 
18 0.0007 -0.0103 -0.0207 0.0020 0.1277 

‘) For the definition and numbering of coordinates see table 5 and fig. 1. 
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Table 9 
Experimental and calculated vibrational frequencies of s-trans and s-cis oxalyl fluorides (cm-‘) 

No. Description Sym. s-tram OCF-FCO Sym. s-cis OCF-FCO 

exptl. talc. l ) exptl. talc. *’ 

[W,121 [3,6,121 
A B A B 

1 v(Go)str. A, 1867 1832 1863 Al 1897 1840 1868 
2 v(C-c)str. 1278 1267 1283 1267 1266 1290 
3 v(C-F)str. 804 777 798 799 776 793 
4 G(C-GO)def. 513 513 514 249 247 251 
5 p(C-F)rock. 415 398 416 420 414 427 

6 x(C-F)wa& AU 421 432 430 A2 762 758 
7 r(C-c)tors. 54 59 48 46 37 

8 swag. B* 755 752 B2 436 434 

9 u(Go)str. B. 1865 1814 1841 BI 1800 1827 
10 v(C-F)str. 1105 1097 1118 1093 1095 1108 
11 p(C-F)rock. 673 636 661 664 638 661 
12 G(C-GO)def. 257 243 246 492 502 

‘) A is for the solution of the vibrational problem with the force constant matrix multiplied uniformly by 0.8 (see section 2). B is for the 
solution of the vibrational problem with the force constant matrix multiplied by the scale factors 8iven in table 6. 

Table 10 
Experimental and calculated vibrational frequencies u, of s-tours and s-cis acryloyl fluorides (cm-‘) 

No. Description 

1 u(-CHs)a str. 
2 v(C-H)str. 
3 u(-CHs)s str. 
4 v(Go)str. 
5 v(GC)str. 
6 d(-CH,)sci. 
7 B(C-H)def. 
8 u(C-C)str. 
9 p(-CHz)rock. 

10 u(C-F)str. 
11 6( C-F)def. 
12 G(C-GO)def. 
13 B(C-GC)def. 

Sym. 

A’ 

s-trans O-CF-CH-CHs s-cis O-CF-CH-CHI 

exptl. talc. b’ exptl. talc. b) 

1241 r271 A B 1241 r271 A B 

3125 3126 3089 3146 3120 3084 3141 
3057 3084 3046 3102 3049 3090 3054 3111 
3005 3058 3002 3057 3005 2996 3050 
1839.5 ‘) 1803 ” 1782 1810 1835 l ) 1813.’ 1765 1794 
1636 1630.’ 1649 1622 1634 1623” 1653 1626 
1409.9 1413 1430 1424 1412.0 1409 1430 1425 
1298.0 1298 1302 1293 1296.0 1285 1309 1299 
1226 1225 1226 1239 1125.0 1125 1138 1156 
1002.9 ” 980 1013 1016 1115.’ - 1084 1083 
811” 826 789 803 830 810 812 825 
606.2 606 579 602 495 510” 484 487 
526.0 527 523 524 626.3 627 609 616 
277 283 270 272 262 276 263 263 

14 x(t=H)wag. A” 999.8” 
15 x(-cH,)wak 986.0 
16 z(GF)wa8. 804 
17 r(-CH,)tw. 485.3 
18 T( c-qtors. 115 

‘) Crystal phase. b, See footnote a to table 9. 

990 1016 994 990.0 988 1011 992 
986 1079 978 977.4 977 1079 977 
800 794 773 800.2 805 797 775 
476 482 467 485.3 486 484 468 
117 133 129 109 101 117 114 
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Table 11 
Mean amplitudes of vibrations of s-tram and s-cis oxalyl fluoride (Angsttim) 

Parameter Exptl. 

[421 

CMC. 

OK 298 K 298K [17] 

1 I(C-C) 0.053(4) 0.0485 0.0495 0.0475 
2 [(C-o) 0.042(2) 0.0367 0.0367 0.0380 
3 l(C-F) O.OSO(2) 0.0443 0.0446 0.0530 
4 I(O...F) O.OSS(3) 0.0497 0.0516 0.0537 
5 I(C...F) 0.065(3) 0.0570 0.0634 0.0633 
6 f(C...O) 0.056(3) 0.0544 0.0592 0.0635 

topic shifts of the calculated frequencies 1283 cm-’ 
( vz ) and 798 cm-’ ( vj ) of the parent oxalyl fluoride 
on going to trans-‘3Cl-oxalyl fluoride turned out to 
be -43 and - 7 cm- I, respectively. Nearly the same 
isotopic shifts were also obtained for the cisJ3Cz- 
conformer, viz. -44 and - 6 cm-‘. Therefore, the 
experimental bands at 1278 and 1267 cm-l were as- 
signed as the stretch modes of the single C-C bonds 
and the bands at 804 and 799 cm-’ were attributed 
to the symmetrical stretch modes of the C-F bonds 
of the trans and cis conformers, respectively. The ex- 
perimental Raman spectra of these conformers do not 
allow an unambiguous assignment of these frequen- 
cies since the corresponding bands are intense and 
manifest a high degree of depolarization [ 3 1. Tran- 
sition from the trans to the cis form results primarily 
in a change of the bending modes of the O-C-C an- 
gles v, and v12, while in the case of glyoxal the stretch 
vibration of the single C-C bond is also involved [ 11. 
It should be mentioned that the calculated value of 
the torsional frequency for the cis conformer was 
found to be about 40 cm-‘. In refs. [7,8,10] this 
magnitude was measured in the W spectrum of ox- 
alyl fluoride and found to be 5.6 cm-’ in the ground 
electronic state. This very low value of the torsional 
frequency led to a prediction of a gauche structure 
(about 15 ’ from planar cis form) of the high energy 
conformer [ lo]. Earlier the gauche structure was 
predicted by ab initio calculations at the minimal 
RHF/STO_3G level [ 91. 

An experimental argument for the realization of the 
planar rather than gauche structure of the high en- 
ergy rotational isomer of oxalyl fluoride can be based, 
in general, on the appearance in the Raman spectrum 
of the bands of the vg and v7 vibrations and their ab- 

sence in the IR spectrum of this rotamer (see table 
9 ) . Indeed, in the case of an s-cis conformation these 
vibrations must belong to the A2 symmetry type and 
be forbidden in the IR spectrum and active in the Ra- 
man spectrum (see table 9). However, these bands 
were not observed either in the IR or Raman spectra. 
This may be explained by the very low intensity of 
these out-of-plane bands in the Raman spectrum 
which is a characteristic for these vibrations. This ex- 
planation is supported by the absence of the out-of- 
plane vibration us in the experimental Raman speo 
trum of trans oxalyl fluoride. On the other hand, these 
vibrations would be active in the IR spectrum in the 
case of a non-planar gauche structure and the inten- 
sities of these bands would be very high and they 
would most certainly be detected experimentally. 
Therefore, the absence of the vg and v7 bands in the 
IR spectrum is supporting evidence for a planar 
structure for the minor rotamer of oxalyl fluoride. Of 
course, a detailed analysis of the vibrational spectra 
from a low temperature matrix study of oxalyl is 
desirable. 

Another argument which favors the planar struo 
ture is the very good prediction of the v4 vibration of 
s-cis GCF-FCG. The value of this frequency v4 is very 
sensitive to the angle of internal rotation in oxalyl 
fluoride, since it changes from 5 13 to 249 cm- l in 
going from the trans to the cis conformer. This sug- 
gests that the possible deviation from the planar 
structure of the high energy conformer should result 
in the marked deviation of the calculated wave num- 
ber from the experimental value. However, the excel- 
lent agreement between the theoretical and experi- 
mental values of v,, demonstrates the realization of 
the planar s-cis structure. 
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The reassignment of some fundamentals of tram 
oxalyl tluoride affected the mean amplitudes of vi- 
brations, see table 11. The erroneous assignments of 
ttl f and pi2 in ref. [ 17 f resulted in an overestimated 
value of the mean amplitude f(C...O). 

3.2. Acryloyljluoride 

The calculated changes in the structure of acryloyl 
fluoride in going from the trans to the cis conformer, 
parallel the experimental changes found in studying 
the microwave spectrum of this molecule [ 2 11. In- 
deed, the calculated values of the G-C-C, C-C-C, 
and F-C-C angles of the two conformers agree well 
with the observed experimental changes. The com- 
puted lengths of all the bonds are nearly the same in 
the two conformers in accordance with the experi- 
mental results [ 2 11. As expected, the values of most 
of the calculated geometrical parameters at the MP2/ 
6-3 1 G* level agree better with the experimental val- 
ues since correlation effects have been included. The 
values of the O-C-C and F-C-C angles calculated 
from the moments of inertia in ref. [43 ] deviate 
markedly from the present calculation and the results 
ofref. [21]. 

All the experimental frequencies of the trans and 
cis conformers of acryloyl fluoride (table 10) were 
taken from the studies of Redington [ 241 and Durig 
et al. 1271. The experimental value of 109 cm-’ for 
v18 was also measured in the UV spectrum [29 1. 
While assigning the experimental vibrational spec- 
trum of a mixture of the two rotamers, all the criteria 
used in refs. [ 24,271 to separate the frequencies of 
these conformers were explicitly taken into 
consideration. 

For the in-plane vibrations of the tram and cis 
forms of acryloyl fluoride, the assignments obtained 
in the present work coincide, in general, with those 
of ref. [ 27 J. They corroborate the reassignments of 
the experimental vibrational frequencies [ 24,26,29 ] 
performed in ref. [ 27 1. Exceptions are the v9 and viz 
modes of the trans and cis conformers, In ref. [ 27 ] 
the frequencies of the in-plane vibrations p(-CH,) 
rock. and 6( C-F)def. are assigned as wagging vibra- 
tions of the -CHt and G-C-F moieties. It should be 
noted that the wagging notations are usually used for 
the out-of-plane vibrations in planar molecular frag- 

merits. Furthermore, in ref i27] the band at 999 
cm- ’ is assigned as v9 for cis acryloyl fluoride, How- 
ever, the region of 1000 cm- 1 is overcrowded by very 
intense out-of-plane bands ( vi4 and vIS of both con- 
formers). In the same region there is also a band as- 
sociated with the rocking vibration of the =CH2 
moiety of the trans conformer. Therefore, it is very 
difficult to identify an additional band v9 of the cis 
conformer in this spectral region. Gur calculated value 
of this frequency is 1083 cm-’ which is quite close to 
theexperimeotalvalueof1115cm-’ (crystalphase). 
Thebandat 1115cm-‘isoverlappedinthegasphase 
by the more intense band at 1125.0 cm-’ and is ob- 
served only in the crystal phase f 24 1, In general, fac- 
tor group splitting (Davydov splitting) may take 
place here. Indeed, the corresponding band us of the 
s-trans rotamer is split in the Raman spectrum of the 
solid [ 271. However, the appearance of Davydov 
splitting depends not only on the symmetry of a mol- 
ecule but also on the structure of the crystal. 

The corresponding value of this vibration in ref. 
[ 27 1, calculated from the scaled ab initio force field, 
is 1040 cm-‘. This variation in the computed values 
is likely due to the different scaling techniques em- 
ployed. In the case of ref. [ 271 the scaling was carried 
out only for the diagonal elements of the quantum 
mechanical force field from the experimental fre- 
quencies of the trans and cis conformers with pre- 
scribed assignments. Resides, the corresponding force 
field for the cis conformer was computed at the 3- 
21G level, while the force field of the tram con- 
former was obtained at the 6-3 1 G* level. The present 
scaled force fields of both the tram and cis rotamers 
were obtained from the quantum mechanical force 
fields calculated at the same RHF/6-3 1G level. This 
was followed by correct&g all the force constants with 
scale factors transferred from related small mole- 
cules. Therefore, they are nearly a priori force fields, 
and the calculated frequencies can be considered as 
predicted. 

From the two bands at 495 and 485.3 cm-’ of cis 
acryloyl fluoride (see table 10) the last one shows a 
C-type contour [ 241 and may be assigned as the out- 
of-plane vibration. Durig et al. 1271 also assigned the 
bands at 5 10 and 486 cm-’ (see table 10) as funda- 
mentals. According to our calculations the bands at 
5lO~d627cm-‘should~~s~~~~(~-F)de~ 
and 6( C-C-O ) def , respectively. 
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Experimental AH and calculated ab initio AE values of rotational isomers of acryloyl fluoride (cal/mole) .) 

Experimental 

method AH 

calculated 

theoret. level AE 

MW [21] 90f 100 
IR, Raman [22] 99f 15 
IJV 1231 114f86 
IR [26] 150+ 100 
IR [24] 251 
NMR [28] 253f67 
NMR (251 800+250 
Raman b, [27] -266+94 

3-21G [27] 91 
4-21G [9] 400 
6-31G this work 246 
6-31G* [27] 226 
MP2/6-3 1 G* this work 276 

‘) In harmonic approximation AH=AE+ A( oti,-q,.,,,). 
b, From temperature studies of the Raman spectra of the gas the cis conformer was calculated to be more stable. 

Our assignments of the out-of-plane vibrations are 
at variance with results of ref. [ 271. In ref. [ 271 the 
yls, v16, and v17 vibrations are attributed to rocking 
and bending vibrations which are characteristics of 
the in-plane vibrations. However, the values of the 
experimental frequencies for trans and cis acryloyl 
fluoride interpreted in the present work as the out-of- 
plane vibrations coincide with the corresponding ex- 
perimental wave numbers in ref. [ 27 1. An exception 
is the band at 486 cm- * (Y,,) of cis acryloyl fluoride 
mentioned above. It should be noted that the assign- 
ments suggested here are based on the isotopic shifts 
as was done in the case of acrolein (see details in ref. 
[ 1 ] ). The difference of energies of two conformers 
obtained in the present calculation, AE=246 cal/ 
mole (RHF/6-3 1 G) and AE= 276 Cal/mole (MP2/ 
6-3 lG* ), correlates quite well with values AH re- 
ported in previous studies [ 24,27,28 ] and corrobor- 
ates that the population of the cis conformer is quite 
high (table 12). The variations in values of AH are 
explained in ref. [ 27 ] by solvent effects. 

4. Conclusion 

All the calculations performed in this paper predict 
that both conformers of oxalyl fluoride and acryloyl 
fluoride in the ground electronic state are planar s- 
trans (anti) and s-cis (syn) structures. All the exper- 
imental vibrational frequencies of these compounds 
may be attributed to these planar rotamers. The ap- 
proach of transferring the scale factors from related 

molecules, as applied in the present work, is clearly 
reasonable, since it allows the prediction of the vibra- 
tional assignments which agree with experiment and 
also do not contradict the results on isotopic shifts. 
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