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IR spectroscopic study of allylperoxy radical and products of its 
phototransformations in the Ar matrix 

E. G. Baskir and O. M. Nefedov* 
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47 Leninsky prosp., 117913 Moscow, Russian Federation. 
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Matrix IR spectra of an allylperoxy radical (1) obtained by co-condensation of allyl radicals 
and molecular oxygen into an argon matrix at 12 K have been studied. The bands observed in 
the matrix IR spectrum are assigned to normal vibrations on the basis of ab initio calculations 
of radical 1 and its isotope-substituted analog C3H51802 (la).  The band at 1128.6 cm -I is 
assigned to the stretching vibration of the O--O bond. The products of  photodecomposition of 
radical 1 under  UV irradiation (X > 248 nm) have been studied. A vinylacyl radical (2) with a 
characteristic high vibrational v(C=O) frequency of 1823.1 cm -I has been observed among the 
products of photolysis of 1. According to the data of quantum chemical calculations, some 
delocalization of a free electron between an oxygen atom and two C atoms is observed in 
radical 2. 

Key words: allylperoxy radical, vinylacyl radical; pyrolysis, photolysis; matrix isolation; 
IR spectroscopy; qtmntum chemical calculations. 

Peroxy  rad ica l s  p lay  a n  i m p o r t a n t  role in h y d r o c a r -  
bon  ox ida t i on  in ca ta ly t i c  a n d  b io log ica l  processes  l - s  
and  l o w - t e m p e r a t u r e  o x i d a t i o n  o f  o rgan ic  c o m p o u n d s  in 
u p p e r  a t m o s p h e r i c  layers.  4 M a n y  works  are devo ted  to 
spec t ro scop i c  s tud ies  o f  pe roxy  radicals .  In par t icu la r ,  
t he  ser ies  o f  a lky lpe roxy  rad ica l s  was  s tud ied  in detai l  by 
ma t r ix  IR  spec t ro scopy .  5 - 9  D a t a  o n  the  v ib ra t iona l  
s p e c t r u m  of  a l ly lpe roxy  rad ica l  1 are scarce ,  a l t h o u g h  
the  r~-structure o f  th i s  rad ica l  has  b e e n  es tab l i shed  by 
E S R  s p e c t r o s c o p y ,  z , l ° - 1 2  a n d  its b e h a v i o r  in t he  
a d a m a n t a n e  m a t r i x  has  b e e n  s tud ied .  12 In add i t ion ,  the  
s t ruc tu r e  o f  rad ica l  1 a n d  t he  poss ibi l i ty  o f  oxygen 
m i g r a t i o n  in it were  s t ud i ed  by  t he  ab initio m e t h o d ,  t3,14 

A t t e m p t s  to  s tudy  th i s  radica l  in t he  gas phase  by mass  
spectrometr2,  ,12 or  p h o t o e l e c t r o n  spec t ro scopy  It  were u n -  

successful .  
T h e  pu rpose  o f  th i s  work  is t he  IR spec t roscop ic  

s tudy  o f  a l lype roxy  radica l  1 s tab i l ized  in an  a rgon  
ma t r ix  and  p r o d u c t s  o f  its t r a n s f o r m a t i o n s  u p o n  U V  
i r rad ia t ion .  ÷ 

Experimental 

Allylperoxy radical 1 was obtained by the reaction of an 
allyl radical, the product of vacuum pyrolysis of 1,5-hexadiene, 
with molecular oxygen added to a matrix gas (Ar) in a 
concentrat ion of 2--10 % (Scheme I). 

+ Preliminary results were presented at the XII International 
Conference on Physical Organic Chemistry (Padova, Italy) in 
1994.1s 
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The pyrolysis of the initial 1,5-hexadiene was carried out at 
~1100 K and 10 -4 Torr in a quartz reactor 120 mm in length 
and 5 mm in diameter attached to an optical helium cryostat  
Radicals 1 were formed during the combined deposition of 
allyl radicals along with an excess of argon (-1 : 1000) contain- 
ing from 2 to 10 % o f O  2 onto the polished surface of a copper 
cube cooled to 12 K by a Displex 208R cryogenic system (Air 
Products & Chemicals) with a closed cycle. IR spectra with 
l -cm -I resolution were recorded on a Bruker IFS- I I3v  
FT-spectrometer by the schelne of beam reflection. Photolysis 
was carried out by a high-pressure mercury lamp (1000 W) 
through a window of CaF 2 mounted into a vacuum jacket of 
the cryostat. Thermal radiation of the lamp was suppressed by 
a water filter 10 cm in width. The wavelength of  UV radiation 
was varied by 2-ram BS-5 (). > 320 nm) and BS-12 
(X > 250 nm) glass light filters. 

Technical 1,5-hexadiene was used without additional purifi- 
cation. 

Isotope-substituted 180 2 of 99 % purity with 82 % isotope 
saturation was used in the experiments. 

Quantum chemical calculations were performed according 
to the GAUSSIAN 92 program t6 at the HF/3-21G and 
HF/6-31G* levels. 
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Results and Discussion 

Spectrum of allylperoxy radical. 1,5-Hexadiene was 
chosen as a source of  allyl radicals due to the high 
selectivity of  its thermal decomposit ion in the gas phase.t7 
The reaction between the allyl radical and 02 was 
per lbrmed with variation of  the content  of  the latter 
from 1 to 20 % in argon. The presence o f ~ 1 0  % of  02 
provides ahnost complete  conversion of  the allyl radical. 
The IR spectrum of  the forming products (Fig. 1, a) 
contains 26 new bands assigned to an unstable species 

along with the bands of  the initial hexadiene,  very weak 
bands of the allyl radical (801.2 cm - I )  and allene (1955.2 
and 837.4 cm-I ) :  at 3102.7 (m),  3044.5 (v.w), 3006.0 
(m), 2950.6 (m), 1880.2 (w), 1870.1 (w), 1649.8 (m), 
1452.6 (m), 1438.4 (m), 1425.4 (m),  1420.3 (s), 1333.3 
(m), 1285.3 (w), 1252.5 (m), 1167.4 (rn), 1128.6 (m), 
1108.6 (m), 1001.8 (s), 999.2 (s sh), 945.9 (m sh), 939.4 
(v.s), 935.3 (v.s), 855.8 (s), 850.7 (s), 619.3 (w), and 
494.2 (w) cm - I .  As should be expected,  the intensit ies 
of  these bands decrease on heating the matrix to 35--  
37 K, which provides diffusion of  part icles in the matrix 
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Fig. 1. |R spectra of products of the reaction of an allyl radical with oxygen in an argon matrix at 12 K: a, C3H 5 + (At + 8 % of 
O2) before photolysis: b, C3H 5 + (At + 8 % of O2) after UV irradiation ( k )  250 nm) of the matrix; c, C3H 5 + (Ar + 3 % of O2) 
after UV irradiation (k > 250 nm) of the matrix. Bands of radical 1 are denoted by arrows; those of radical 2 are denoted by stars; 
circles indicate bands of an HO 2" radical; letters A designate bands of acrolein; figures I and II indicate bands of C2H2..H20 and 
CO...H20 complexes, respectively. 
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and simultaneous appearance of  bands at 1469.5 (m), 
1366.5 (w), 1159.0 (m), 1005.0 (s), 988.3 (s), 969.3 (m), 
762.3, and 584.0 (w) cm -I  that disappear when the 
matrix is heated to room temperature, recondensed into 
another tube, and again deposited. 

It is known 5-9 that the reaction of  alkyl radicals with 
oxygen results in the formation of  alkylperoxy radicals. 
According to the ESR spectroscopy data, 2A°-12 in the 
gas phase containing 0 2, the allyl radical behaves simi- 
larly to form 1. This allowed us to assign the first set of  
the bands disappearing on heating the matrix to 
35~37  K precisely to radical 1 that is dimerized at this 
temperature. Such dimer with bridge of  four O atoms is 
labile molecule. Its decomposition at ~300 K results ira 
the extrusion of  an 0 2 molecule accompanied by 
disproportionation of  peroxy radicals appeared ts to form 
aldehyde and alcohol. In fact, the bands of  acrolein and 
allyl alcohol are observed ira the spectra of  the products 
of  complete thaw out of  the matrix followed their repeat 
deposition onto the copper substrate (Scheme 2). The 
same products were detected by G C - M S  analysis of  the 
mixture obtained. 
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The IR bands observed in the spectra were assigned 
to normal vibrations of  the allylperoxy radical on the 
basis of  the experimental results obtained, ab initio and 
semiempirical quantum chemical calculations performed, 
and comparison with the literature data for similar in 
structure alkylperoxy radicals, 5-9 alkenes, 19'2° and allyl 
alcohol 21 (Table 1). 

According to the data of the quantum chemical calcu- 
lations, 13,14 the structure of  radical 1 is nonplanar and 
belongs to symmetry group C I. The calculated IR spec- 
trum of this structure exhibits 24 normal vibrations, three 
of which are related to twisting and bending vibrations of  
the H2COO moiety usually absorb at frequencies lower 
than 400 cm -I  and are beyond measurement limits. 

Four bands of  radical 1 were observed ira the range of 
stretching vibrations of  C - - H  bonds (3150--2900 cm-l) .  
The bands at 3102.7 and 3000.6 cm -I are assigned to the 

asymmetric Vas(=CH2) and symmetric Vs(=CH2) stretch- 
ing vibrations of C - - H  bonds in the terminal CH2 group, 
respectively (in the spectrum ofallyl alcohol, the bands at 
3100 and 2996 cm -~ correspond to these vibrations), zl 
The band at 3044.5 cm -l  belongs to the vibration of  the 
CH moiety, while the absorption at 2950.6 cm - l  is at- 
tributed to the asymmetric stretching vibration of  the 
C - - H  bonds of the peroxy moiety. It is likely that the 
band of the symmetric vibration appeared at frequencies 
lower than 2900 cm -1 is low intense and has not been 
detected. 

The band with a maximum at 1649.8 cm -I corre- 
sponds to the stretching v(C=C) vibration. Although this 
band coincides with the absorption band of  propylene 
(1649.5 cm-I ) ,  a decrease ira its intensity upon both 
heating the matrix or photolysis proves that it belongs to 
radical 1. The band at 1167.4 cm -I is assigned to the 
stretching vibration of  the ordinary C - - C  bond. How- 
ever, according to the restrlts of  the calculations, this 
vibration is not characteristic and can contribute into 
the vibrations with absorption in the range of  940 cm -I  
(939.4 and 935.3 cm-l) .  

The medium intense bands at 1420.3, 1001.8, and 
999.2 cm -l  probably related to the scissor tS(=CH2), 
rocking 6r(=CH2), and twisting Ot(=CH2) vibrations, re- 
spectively, were assigned to bending vibrations of  the 
methylene moiety in radical 1 as well as one of  the most 
intense bands at 939.4 cm -l  belonging to the nonplanar 
wagging Ow(=CH2) vibration. The bands at 1285.3 and 
619.3 cm -l  correspond to planar and nonplanar bending 
vibrations of  the CH moiety, respectively. The bands at 
1474, 1351, 1242, and 800 cm -I ira the spectrum of  the 
ethylperoxy radical 8 correspond to bending vibrations of  
the CH 2 group of the peroxy moiety. Therefore, the 
absorpt ion bands at 1452.6, 1333.3, 1252.5, and 
935.3 cm -l  are assigned to similar vibrations in radical 1. 
Weak signals at 1880.2 and 1870.1 cm -l  in the spectrnm 
of radical 1 likely belong to overtones of  2pw(=CH2) 
(939.4 cm -1) and 23r(CH 2) (935.3 cm -1) vibrations. It is 
noteworthy that all the aforementioned bands remain 
almost unchanged or change only slightly on going to the 
spectrum of isotope-substituted radical la. 

The bands that are considerably shifted in the spec- 
trtnn of  heavier radical la  and related to the vibrations 
of  the C - - O - - O  moiety are of  special interest (Fig. 2, a, 
b). The 1130--1000 cm -I range is typical of  stretching 
vibrations v(O--O) of the O- -O bond of  these radicals. 
In this range, two bands of  medium intensity at 1128.6 
and 1108.6 cm -I were observed. They shift to 1067.6 
and 1052.7 cm -I ,  respectively, in the spectrum of  iso- 
tope-substituted radical la. The shifting coefficients 
v(1602)/v(1802) of these bands are 1.057 and 1.053, 
respectively, which is close to the theoretical value of  
the ratio (v(1602)/v(lSO2) = 1.061), and confirms the 
presence of  the C - - O - - O  moiety in this radical. The 
bands at 1112 and 1101 cm -I correspond to this vibra- 
tion in the spectra of alkylperoxy radicals EtO 2" (Ref. 8) 
and priO2" (Ref. 7), respectively. The existence of  the 



102 Russ.Chem.Bull., Vol. 45, No. 1, January, 1996 Baskir and Ne fedov  

Table 1. Comparison of  experimental and calculated frequencies of the vibrational spectrum of the allylperoxy radical 

Number Assignment 

of vibra- 

tion 

v/c m - I 

Experiment Calculations a 

A B 

C3H502 C3HsISO2 C3H502 C3H51SO2 C3H502 C3Hs)sO2 

9 

10 

1l 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

Vas(=CH2) 3102.7 3102.4 3039.3 3039.3 3040.3 3040.3 

vs(CH ) 3044.5 3044.5 2989.1 2989.1 2982.5 2982.5 

Vs(=CH2) 3006.0 3006.5 2965.8 2965.8 2965.7 2965.7 

Vas(CH2) 2950.6 2950.3 2953.1 2953.0 2945.7 2945.7 

vs(CH2) -- -- 2898.5 2898.5 2897.2 2897.1 
2pw(=CH2) 1880.2 1880.2 
28r(CH2) 1870.1 1870.0 

v(C=C) 1649.8 1649.3 1659.5 1659.5 1625.9 1625.8 

8(CH2) 1452.6 1451.2 1455.4 1455.1 1455.4 1455.1 
9 1438.4 1437.7 

8(=C H 2) 1425.4 1425.1 1423.2 1422.9 
1420.3 1419.6 1420.8 1420.5 

pw(CH 2) 1333.3 1330.2 1350.0 1348.9 1347.5 1345.9 

8(C H) 1285.3 1285.3 1275. I 1274.6 1268.2 1267.6 

Ptw(CH 2) 1252.5 1247.0 1265.8 1259.3 1261.9 1256.3 

v(C--C) 1167.4 1166.2 1153.5 1150.5 1146.0 11409 

v(OO) 1128.6 b 1067.6 b 1131.1 b 1074.8 b 
1108 .6  b 1052 .7  b 1120 .9  b 1068 .3  b 

8r(=CH2) 1001.8 1001 4 1018.2 1017.9 1015.5 1014.0 

OI(=CH2) 999.2 999.2 976.9 976.2 984.7 976.6 
945.9 943.0 974.7 972.4 

pw(=C H 2) 939.4 940.4 971.8 959.4 

8r(CH 2) 935.3 935.3 932.5 927.7 931.5 921.0 

v(CO) 8 5 5 . 8  b 8 4 4 . 2  b 8 8 5 . 6  b 8 8 1 . 2  b 
8 5 0 . 7  b 8 3 7 . 9  b 8 7 7 . 7  h 871.5 b 

p,,,(C H) 619.3 6 l 8.8 656.6 648.4 641.7 635.1 

6(COO) 494.2 479.7 507.0 496.2 48 1.7 468.0 

8(CCC) --  -- 369.7 365.4 407.8 404.7 

8(CCO) --  --  312.6 305.4 309.1 303.2 

ot(HCCO) _ i 112.1 109.3 116.6 112.4 
pt(CCCO) _ i 80.9 79.2 83.9 83.0 

<~ The frequencies were calculated in the 6-31G* basis (with a scaling factor of 0.89). b The most characteristic bands. 

two bands be longing  to the  v ( O - - O )  vibrat ion in the 
spec t rum of  the  radical can likely be explained by the 
fact that  this moie ty  exists as two conformers .  In fact, 
according to the  ab initio calcula t ion ,  radical 1 can exist 
as two forms (A and B) with almost  equal  energies 
E A ~ El3 ~ - 2 6 6 . 0 8 3  au and differing by some rotat ion of  
the O a tom around  the  C - - O  bond. 

H O" H 

H,. C,,/C', C AO H-,. C,'..,C', C J O ~ O . 

) H" '"H t~1 H" H '"lH 
A B 

Tile ca lcula t ions  o f  the vibrat ional  spec t rum (see 
Table 1) have conf i rmed  the possibili ty o f  some differ- 
ences  in the  f requency  values o f  these conformers ,  which  
makes it possible to assign the  doublet  o f  bands at 855.8 
and 850.7 cm -1, which shift to 844.2 and 837.9 cm - I  in 
the spec t rum of  i so tope-subs t i tu ted  radical l a ,  to the 
s t retching v ( C - - O )  vibrat ion.  The  bands at 902, 838, 
and 789 cm - I  in the  spectra  o f  the alkylperoxy M e O  2' 
(Ref. 5), EtO 2" (Ref. 8), and priO2 ' (Ref. 7) radicals,  
respectively,  cor respond to the same vibrat ion.  The  band 
at 494.2 cm -1, which  shifts to 479.7 cm - I  ill the  spec-  
t rum of  radical l a ,  is assigned to the bending 8 ( C O O )  
vibration. This  shift and posi t ion o f  the band agree well 
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Fig. 2, IR spectra of products of the reaction of an allyl radical and oxygen in an argon matrix at 12 K in the range of 1150-- 
820 cm-I:  a, C3H s + (Ar + 8 % of 1602); b, C3H 5 + (Ar + 8 % of 1802). Bands of radicals 1 (a) and la (b) are denoted by arrows. 

with the IR spectroscopy data 8 for the EtO 2" radical: 
499 cm - l  ( ~ C 1 6 O I 6 0 )  and 484 cm - l  (8CJ80180). 

Photolys is  of  a l lyperoxy radical .  UV irradiation 
(~. > 320 nm) of  the matrix with stabilized radical 1 
results in a decrease in the intensity of  its bands and 
their complete  disappearance upon UV irradiation with 
~. > 250 nm (see Fig. 1, b). At the same time, several 
bands belonging to photodecomposi t ion  products ap- 
peared in the spectrum. 

Contrary to the predict ions of  the calculations 13 
about a low stability of  the C - - O  bond in radical 1, no 
products of  its decomposi t ion  via this bond cleavage to 
form allyl radicals were observed. 

Ar matrix, 12 K 

H H 
I I 

C 0 - 0  " hv C 
H"C/" "C" H - C , ' ' ~ C - H  + 02 

I H / " H  X ~ I " I 
H H H 

1 

The signals belonging to CO (2142.5 cm- l ) ,  H20 
(3704.6 and 3601.7 c m - l ) ,  C2H 2 (3287.1 and 736.4 cm-1), 
and 03 (1040.4 and 1036.8 cm - I )  can be distinguished in 
all of tile spectra of photolysis products. However, it 
should be mentioned that the compositions of photolysis 
products differ depending on the content of 02 in the 
matrix. Irradiation of  the matrices obtained by co-con-  
densation of pyrolysis products with an argon mixture 
containing ~8--10 % of 02 results in the appearance of 
rather intense bands at 1731 and 1697 cm -1 (1694 and 
1667 cm - l  for isotope-substituted radical la ,  respec- 
tively) in the spectrum. The positions of these bands and 
their shifts due to isotope substitution allow one to sup- 
pose that they belong to probable decomposition prod- 
ucts, formaldehyde and acrolein, whose spectra exhibit 
absorption bands at 1746 and 1723 cm - l ,  respectively, t9 
Their broadening and low-frequency shift can be ex- 
plained by the formation of  their complexes with the OH" 
radical rather than formation of individual molecules. An 
analogous effect was observed in the spectra of aldehydes 
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formed upon photolysis of alkylperoxy radicals s -9  
(Scheme 3). 

Scheme 3 

Ar matrix, 12 K (8 % O21 
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The decomposition of products occurs via the differ- 
ent pathways upon the photolysis of the matrices ob- 
tained by deposition of  an Ar mixture containing 2--  
3 % of O2, (Scheme 4). The spectrum (see Fig. 1, c) 
contain the bands assigned to the HO 2' radical (3412.2, 
1388.5, and 1100.7 cm -1 or 3399.4, 1379.5, and 
1038.7 cm -1 for the isotope-substituted radical) 22 and 
the signals that can be assigned to CO.. .H20 (3723.2, 
3623.1, 2148.1, and 1591.7 cm -1 or 3709.9, 3615.6, 
2100.0, and 1585.7 cm -I for the isotope-substituted 
radical) 23 and C2H>..H20 (3242.9, 1968.0, 792.6, and 
782.7 cm- l )  z4 complexes. 

Scheme 4 

AL_matrix, 12 K (3 %_O_O21 

H CH--CH-- H20 + CO + HO 2" 

H..C//£: c / O - O "  hv < 
4 H ~ "H CH_--CH + H 2 0 C O  + HO 2 

The appearance of a new band at 1823.1 cm -l  is of  
the most interest. This band is very sensitive to matrix 
conditions, i.e., it appears as a single band only in the 
case of  a more rigid matrix containing ~2--3 % of 02 
(Fig. 3, a). An increase in the content of  O 2 results in 
the appearance of additional weak bands at 1815.4, 
1810.1, and 1803.1 cm -~ (Fig. 3, b), which retained on 
heating the matrix to the temperature ofditTusion (Fig. 3, 
c). The band at 1823.1 cm -I was observed at the very 
beginning of photolysis, and then its intensity remained 
almost unchanged. In the spectrum of photolysis prod- 
ucts of isotope-substituted radical la  (Fig. 3, d), this 
band shifts to 1788.9 cm - I ,  which testifies that a new 
particle contains the acyl C=O moiety. Although the 

band that characterizes a similar vibration is localized, 
as a rule, at lower frequencies in spectra o f  ordinary 
carbonyl compounds (in the 1700-- 1750 c m - I  rangeig), 
the increase in its frequency to 1828--1875 cm -~ is 
typical of acyl radicals. 26-29 It can be assumed that the 
band observed belongs to a new unstable particle, 

o 0.37 

.e 
£ 

0.13 

°'26 I 

0.10 ~ i  

0.30 

0.16 

0.32 

d 

1840 1820 1800 1780 v/cm -1 
Fig. 3. IR spectra of products of the reaction of an allyl radical 
with oxygen in an argon matrix at 12 K in the range of 1840-- 
1780 cm -1 alter photolysis: a, C3H 5 + (Ar + 3 % of O2); 
b, C3H 5 + (Ar + 8 % of O2) before heating; c, C3H 5 + 
(Ar + 8 % of O~) after heating the matrix to 35 K; d, C3H 5 + 
(At + 3 % of 1802). 
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Table  2. Charge distribution, spin density, and calculated structural parameters in the vinylacyl 
radical a 

7 

H 

I 1 

4 C . O 

H 
6 

Atom Charge Spin Structural parameters 
distri- density b 
bution b Bond (d/A) Angle (m/deg) 

O(1) -0.429 0.269 O(1)=C(2) (1.167) 
C(2) +0.376 0.651 C(2)--C(3) (1.481) 
C(3) -0.252 0.468 C(3)=C(4) (1.330) 
C(4) -0.337 -0.458 C(4)--H(5) (1.074) 
H(5) +0.207 0.029 C(4)--H(6) (1.075) 
H(6) +0.2ll 0.035 C(3)iH(7) (1.077) 
H(7) +0.224 0.006 

C(2)--C(3)--O(1) (128,8) 
C(3)--C(4)--C(2) (120.4) 
H(5)iC(4)--C(3) (121.6) 
H(6)--C(4)--C(3) (121.2) 
H(7)--C(3)--C(2) (117.1) 

a Calculated by the ab initio method in the 6-31 G* basis, b In fractions of the electron charge. 

vinylacyl radical 2 formed due to the el imination of a 
water molecule from radical 1 (Scheme 5). 

Scheme 5 

Ar matrix, 12 K 

H H 
I 

H .. c//C',-//O 
H.,, C//(~,, C / 0 - 0  " hv U + 1"120 

IP I 
I " ~H H H H 2 

1 

In the spectrum of photolysis products, several addi- 
tional weak bands appeared and disappeared simultane- 
ously with the band at 1823.1 cm - j  (1832.0, 1094.4, 
975.3, and 870.7 cm - l  or 1797.3, 1094.4, 975.4, and 
868.3 cm -I for isotope substitution) and probably re- 
lated to radical 2. 

The energy of radical 2 and its structure were calcu- 
lated by the ab initio quan tum chemical  method 
(Table 2). According to the results of the calculations, 
radical 2 has a planar structure and can exist as two 
confomaers, and the trans-configuration is by -6  kJ rnol - l  
more favorable than the cis-form. In addition, the calcu- 
lations testifies that there is some delocalization of a free 
electron between the O atom and two C atoms in the 
vinylacyl radical. 

The assignment of the spectral bands observed to 
normal vibrations of radical 2 and comparison with the 
calculated data are presented ira Table 3. The most 
intense band at 1823.1 cm - l  is assigned to the stretch- 
ing v(C=O) vibration of the radical with trans-configu- 
ration, while the weaker band at 1832.0 cm - l  is as- 

signed to v(C=O) of the cis-conformer. It is likely that 
the bands that are retained in the range of 1800 cm - l  
on heating belong to stable products of dimerization or 
the reaction of the radical with 0 2 . Very weak bands at 
1094.4, 975.3, and 870.7 cm -I  can be assigned to bend- 
ing vibrations of CH 2 or CH moieties. Unfortunately,  
the other signals of radical 2 were not reliably identified 
because of overlapping with bands of other products. 

The high value (1823.1 cm - l )  of the frequency of the 
stretching v(C=O) vibration in the radical compared to 
that of the similar vibration ira acrolein (1728 cm- l )  19 

Table 3. Comparison of experimental and calculated frequen- 
cies of the vibrational spectrum of the vinylacyl radical 

Number of Assignment v/cm -I 
vibration Experiment Calculations a 

1 Vas(=CH2) -- 3059.5 
2 vs(CH) -- 2987.7 
3 vs(=CH2) -- 2975.8 
4 v(C=O) 1832.0 b 

1823.1 b 1886.6 b 
5 v(C=C) -- 1498.5 
6 6(CH2) -- 1341.2 
7 6(CH) -- 1209.9 
8 8r(CH2) 1094.4 1072.6 
12 Pt(CH2) 975.3 983.7 
13 pw(CH2) 870.7 965.7 
9 v(CC) - -  847.3 
14 pw(CH) - -  629.8 
10 8(CCC) - -  517.8 
l I 8(CCO) - -  296.3 
15 pt(CCCO) -- 160.7 

a Calculated in the 6-31G* basis (with a scaling factor of 
0.89). b The most characteristic bands. 
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testifies that the C=O bond becomes stronger. This is 
confirmed by the calculations, according to which the 
corresponding bond in the radical shortens from 1.189 to 
1.167 A. This band is localized at somewhat lower 
frequency than the band of the similar vibration in 
the spectra of formyl (1863 c m - l )  26 and acetyl 
(1875 cm- l )  29 radicals. At the same time, it is close to 
the value of v(C=O) recently obtained for the benzoyl 
radical (1828 cm - l )  by the Past scanning IR spectroscopy 
method, 2s which can be explained by the coupling of a 
free electron with the C=C bond of the vinyl moiety or 
with the benzene ring. 

The authors are grateful to V. A. Radtsig, I. N. 
Senchenya, and V. I. Faustov for consultations con- 
cerning the calculations and to V. A. Korolev for help 
in preparing the manuscript  for publication. 
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