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Using ab initio quantum mechanical calculations the structural parameters (length of chemical
bonds, their angles) and also the volume of acetyl and propionyl peroxy radicals have been obtained.
These data may be used for theoretical estimations of structure-activity relationships,
macromolecular parameters and etc.

Fig. 1, tab. 3, ref. 8.

Reactions of organic peroxy radicals RC(O)OO, wirie CH;, C,Hs and etc., are

currently the subject of intensive studies. Bothtgicand propionyl peroxy radicals are
distinguished by relatively high activity in thegyar liquid phase oxidation reactions of
some organic compounds [1]. They are leading aatemtres of the low temperature
oxidation reactions of acetaldehyde and propiortglde [2]. They are also formed in
atmosphere as reactive intermediates of the phetoicial oxidation processes involving
in summer smog formation [3]. However, the literatdoes not contain sufficiently full
information about the chemical structure and stnadtparameters of these radicals. In
spite of a great number of articles concerning thactions of RC(O)® radicals,
practically there are not experimental values & tfgometrical parameters [3-5]. To
study the structure-activity relationships, whicle anportant for the reactions of these
radicals, the mentioned data are required. Thetserday be obtained on the basis of the
theoretical computational studies.

In this work it has been attempted to determinesthectural parameters (length of
chemical bonds, their angles), volume and chenstralcture of RC(O)@radicals by
guantum mechanical calculations.

All ab initio quantum mechanical calculations have been perfbrosing the
computational program GAUSSIAN 98-A9, the optimisatwas done at the HF/6-
31G(d,p) level [6]. The values of molecular volumkso have been obtained by the
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application of this program, which requests that¥blume be computed, defined as the
volume inside a contour of 0.0Gectrons/bohr® density. The volume was computed
within £3%. The assumption of using of above mentionedrarago the determination
of structural parameters was proved on the example acetaldehyde and
propionaldehyde. The calculated data were compardthe experimental data of the
structural parameters of these molecules.

In figure the structural formulas of acetyl and giomyl peroxy radicals and
designations of angles are represented. The lemigtthemical bonds and angles are
given in table 1. The data of table 2 show thatimeid lengths of chemical bonds and
angles between the bonds are in good agreementhwittiata obtained by spectroscopic
investigations of the acetaldehyde molecules [7].

A (B Gy Dy

Figure. Structural formulas of acetyl (a) and propionyl peroxy (b) radicals, and designations of
angles (c). A (B| Cyy) Dy (for example: O1(CsCz) Ha4 ) is the angle between the two plans,

where the chemical bonds Ay -B, (for example: 0:-Cs) and Cyy,- Dy, (C2 — Ha ) are located. The
line of plans intersection is the axis of the chemical bond B - Cy, (Cs — Cp). Inferior indexes
show the number of atoms given in tablel.
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Table 1
Resultsof quantum mechanical calculationsfor acetyl and propionyl peroxy radicals

Chemica Distance Angle between Value of angl
Bond [nm] the bonds [degree
CH;C(0)OC
Ci—H; 0.1079 H,CiH> 110.2:
Ci—H, 0.1083 H,CiH3 110.21
Ci—Hs 0.1083 H,CiH3 107.87
H,C,C, 108.92
C-G, 0.1510 H.C,C, 109.79
HsC,C, 109.79
C-0O; 0.1190 0,C,Cy 127.98
0,C2C, 108.80
C-0, 0.1378 0,C,0, 123.29
00 0.1314 C,0,04 113.64
H,(C:C,)0, 0.0
H2(C:C,)0, 120.77
H3(C.C,)0, -120.77
H(C:C)0, -179.99
H»(C;:C,)0, -59.22
H3(C:C,)0, 59.23
C1(C,0,)04 179.99
04(C,0,)03 0.C
C,HsC(0)OC
C;—H; 0.1083 H,C1H, 108.4«
Ci—H, 0.1084 H,C1H; 107.82
Ci—Hs 0.1083 H.C1Hs 108.44
C-G 0.1504 H,C,C, 111.06
CGC; 0.1523 H.C,C, 109.89
C-0, 0.1378 H3C,C, 111.06
C:-0O 0.1196 H4CoHs 106.01
0,05 0.1318 H4C,Cy 111.55
CrH, 0.1086 HsC,C, 111.55
CrHs 0.1086 H4C,Cs 107.47
HsC,Cs 107.47
C.C.,Cs 112.47
C,C30, 128.08
C,C30, 108.75
0,C 30, 123.15
C30, 03 113.68
04(C3Cy) Hs -123.14
04(C3Cy) Hy 123.13
0,(C5C,)C, 179.99
H5(C,C3)0, 56.85
H4(C,C5)0, -56.85
Cy(C30,)04 180.
C3(C,Cy)H3 59.99
C3(C,CH, -180.
C3(C, C)H 59.99
Hi(C,C2) H 60.80
Hx(C,C, )H -59.18
H,(C,C, )H -179.18
H3(CsC, )H 179.18
Hx(CsC, )H 59.18
H,(C,C, )H -60.81
04(C3C;) Os 0.0
04(C5C,)C,y 0.0

The negative sign (-) before the values of angigalle 1 means a left-turned angle.
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Table 2

Results of quantum mechanical calculations of acetaldehyde H3CyC(,)HO

parameters compared with experimental data[7]

Chemical Calculated | Experimental Angle Calculated | Experimental
bond value of value of value of value of angle
length length angle [degree]
[nm] [nm] [degree]
HC(a) 0.1107 0.1108 HC(a)H 109.9 109.9
HC(b) 0.1119 0.1128 HC(b)C(a) 115.2 115.2
C(a)C(b) 0.1510 0.1515 OC(b)C(a) 124.3 124.3
OC(b) 0.1197 0.1210

Some of obtained results have been compared withsthuctural parameters
reported for RCO radicals in [8]. In this work tfa@lowing values of bond length for
CHsCO radicals have been obtained: C=0 and C-C ar&96.tm and 0.1513nm,
respectively. In the case of.ldsCO radical they are 0.1198m and 0.1517nm,
respectively. The authors made a general observdiat the distance of C-O is not
affected by nature of R group. In the present vihekcorresponding values are: 0.1190
nm (C=0), 0.1510m (C-C) for CHCG; radical, and 0.1196m (C=0), 0.1528m (C-
C(=0)) for GHsCO; radical. Really, in the case of RC(O) OO radica bond length
not only of C=0, but also of O-O, is not much aféet by nature of R. On the other
hand, the length of C-C(=0) bond is relatively lengn GHsCO; radical, than in
CHsCOsradical.

The data regarding to the molecular volume of aldek and peroxy radicals have
been represented in table 3. These data have li¢aimexd for the first time. It is seen,
that the rise of the volume by transferring fronetatdehyde to propionaldehyde is not
proportional to the corresponding rise for RC(O)@icals. The ¢HsCO; radical is
more compact, than it may be expected by the simghdttion of CH group. This result
may be explained by consideration of various intdemular interactions between the
different groups of ¢gHsCO; radical.

Table 3
Volume of aldehydes and peroxy radicals
Chemical formula Volume Vi, 1023[ cm3]
CH,CHO 6.2
C,H:CHO 9.5
CH,C(0)00 8.6
C,HsC(0)00 10.6

Generally the obtained data are in agreement viith well known theoretical
representations of various chemical structures.dfitained structural parameters can be
considered as a first approximation and supplemgmstaidies will be required for their
final determination.

Acknowledgement

The author thanks Dr. A. Pellegatti for his helgiurantum mechanical calculations.

26



USGSPL &4 1rNMhNLPL @6LOLUNMMUSHL FUNPUULLE P
YU.NRSIUOLUSPL NULUUESIET

0. 2. AUNULRBUL

Uju htnnwgnunipjutt Uky thnpd E wpjws pjubnnwuphdhwljut hwoqunplh
Upgngny uwnwbwy wghwnpp b wpnwyhnthy  gkpopupnuihtt punhukph
Junnigyuspuyhtt wuwpwdbwnnpbkpp: Ab initio hwyduplubpt hpujuwbhwugjus b
GAUSSIAN 98-A9 hwyqwupluyhtt sSpugph ogunipjudp: Lhpjujugdws Lu wyy
nunhlutipnid dhpwwnndwlwt htnwynpnipniuttph b phthwjut juwybtph
dholi pujwé wulniuubph pyuyhtt wpdtpubpp: 8nyg L wipws, np RC(O)OO
(npntn’ R-p CHs Yud C:Hs k) nunhluwjutph nbypnid® C=0 b O-O phuhwuljut
Juuybtph tpiupnipnibttpn phun jupuws sk R-h punyphg: Lnyu Spwugph
Jhpundwdp unwugdws b wghnwnthhnh, ypnyhnbwinkhhgh © RC(O)OO
punhuubkph dnjtynyuyhtt Swjuwubph wpdbpubpp: Unwugqus wndjujubkpp
Ywpnn tu Yhpwndt) npny phuhwub vhwgnipniuubph dwpnjhubnhjulut
wuwpwubnptph quwhwundwt b tpwbg Jupmguéph nt wliwnpynipjub
thnppunupd juwh puguhwjndwt hwdwp:

CTPYKTYPHBIE ITAPAMETPBI AITETUJIBHBIX Y1 ITPOITMOHWUJIBHBIX
IMEPOKCHUIHBIX PATUKAJIOB

P. A. BAXYADKSAH

B nHacrosmeii paGoTe METOZOM KBAaHTOBOMEXAaHHMYECKUX PACUETOB OIpejesIeHbI
CTPYKTypHBbIE IIapaMeTPHI alleTUIBHbBIX ¥ TPOIMOHUIBHBIX IIEPOKCUIHBIX PafUKaTIOB.
Ab initio pacuers! IpoBemeHsl ¢ ucrnonb3oBaHueM mporpammbl GAUSSIAN 98-A9.
Ioxazano, ¥to B pagukanax RC(O)OO (rze R-CHs; C2Hs) MmexxaToMHbIe pacCcTOSHUS
C=0 u O-O cmabo 3aBucar or mpupozsl R. IlpexcraBieHs! pacueTHBIE JaHHBIE
MOJIEKYJIIPHBIX OOBEMOB alleTaabAeruja, IpomuoHoBoro ampieruza u RC(O)OO
panuKagoB. DTU NAHHBIE MOTYT OBITh MCIIOJIB30BAHBI C I[€JIBI0 OLEHKU Pa3IMIHBIX
MaKpOKHHETHYECKHX IapaMeTPOB XWMHUYECKUX COeJUHEHWH ¥  BBLIBIEHUA
B3aMMOCBA3H UX CTPYKTYPbI C XUMUYECKON aKTUBHOCTHIO.
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