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Deposition of ozone with either 2-iodopropane, pentafluoroiodoethane, 1,1,1-trifluoroiodoethane, 1,1,2,2-
tetrafluoroiodoethane, or 1,1,1,2-tetrafluoroiodoethane, in an argon matrix at 14 K has been shown by FTIR
spectroscopy to lead to the formation of a molecular complex. Irradiation of such complexes with near-
infrared radiation led to the formation of the corresponding iodoso-specigl()Z Radiation of wavelengths

> 410 nm produced bands typical of iodyl-species-(@-), while subsequent photolysis with UWis (1 >

350 nm) radiation led to the development of bands attributed to hypoiodo-speei€H)(And to carbonyl
complexes (carbonylXI, where X=H or F). Further photolysis using Pyrext & 290 nm) and quartz-

(A > 240 nm) filtered radiation increased the yield of the carbonyl complexes, which were the final products
to be detected in the reaction series of each precursor with ozone. Sample annealing confirmed that the
carbonyl complexes existed in two geometric arrangements, a molecular-pair type and a head-to-tail dipole
dipole type. In a similar study of each precursor deposited in a solid oxygen matrix the carbonyl complexes
were the only species that could be identified. Thus by studying the reactions of ozone with these iodine-
containing compounds it has been possible to extend the number of known species hajrgphds, to

detect a number of carbonylXl complexes (X= H or F), and to clarify the mechanisms of the reactions.

Introduction ring intermediate were involved in the mechanism, then-CF
. . . . CHal should produce the fluoroalkene &FCH, and FOI.

To. investigate the nature of atmospherlpally important Subsequent oxygen atom addition, and H/F atom migration
reac_Uoni between halocarbons an_d 0zone, e_arher matrix ISOI"j."t'onacross the double bond would lead to the formation of either
studied 3 have been extended to include 2-iodopropane owing CR,HC(O)F or CHFC(O)H as the final carbonyls, the detection

to 'ctjs ?lm_llarltles tto dlo;joethﬁne. Detecnocrj] 0ft thg_ van(f)uti of either of which would also clarify the mechanism. Whichever
products 1S expected 1o enhance our understanding o ecarbonyl is produced, it is expected to form a complex with

photoct?emlfcal palth mvc_;lved 'g such rleactlonz,fant?qalso to y'?ld the remainder of the precursor, e.g. in the case of 1,1,1,2-
& number Of novel species and COmpIEXes. urther ex enSIontetrafluoroiodoethane, GEFHI, to form, finally, either CEC-

is to the study in solid argon of the reactions of ozone and (O)F-+HI or CRC(O)H++IF. The wavenumbers of the bands
polyfluoroiodoethanes possessing-EFal, X—CHl, and X~ assigned to these carbonyl complexes could be compared with

CFHI backbones, viz. pentafluoroiodoethane, 1,1,1-trifluoro- :
. ! ) e those of other carbonytXl complexes (where X=H or F) in
iodoethane, 1,1,2,2-tetrafluoroiodoethane, and 1,1,1,2-tetraﬂu-orOIer to identify the species involved in the mechanism.

oroiodoethane. The photochemical reactions of these four The polyfluoroiodoethanes undergo a variety of further

zgeaclgrsuoers OVf‘”tt:]‘e?(Z)O”i glrear?()j(pceacrtbegn t?sp;%?:;:?etr:)ert;gj?rzo- reactions; thus the gas-phase photolysis of perfluoroiodoalkanes,
9 % ’ Yl sp P CR5(CR)nl, in oxygen produces carbonyl difluoride, CeF

?Qsof;gtlzgiggtgg? l:ooducl)gtgzn;e?enc(ie%zggmio?jﬁir:;pilﬁ,elgch Photolysis of trifluoroiodomethane in an oxygen/argon matrix
P p produces the radical GB,” while photolysis of ozone and

;ﬁfies’ Itei?%ﬁlgemz\e%?s\;\ﬁiﬁ iﬁactogggi;elém;:;hse';&%ﬁ?ﬁg‘;m'Caltetraﬂuoroetherﬁa produces carbonyl fluoride as the prime
P 9 P y product via G=C bond rupture and addition of an oxygen atom

been proposed that a five-membered ring intermetimfermed to the Ch species. It has, moreover, been shown thata

n the ga§-phase reaction b_etwee.n ozone and |pdpethane. ArLljldd to Ck to form CRO0,.%° Thus photolysis of these
aim of this study is to provide evidence for a similar fluoro-

. . i . .. . polyfluoroiodoethanes may produce different products from
Ir?ct)(ta;ngggilafiovgglgeﬁr?i?\??ri?ﬁ v?/ﬂﬂ:ﬁ ir:fggunogﬁg%??h;le Itis those expected by simple extrapolation from the results reported

H or F atoms in the products (HI, HOI, FI or FOI) come, but for iodoethane.
with 1,1,1-trifluoroiodoethane, GEHal, this is possible; hence
the presence or absence of a five-membered ring intermediat
should be able to be established. Also, 1,1,2,2-tetrafluoroio- The infrared spectra were recorded on a Bruker IFS 113v
doethane, CIHCF,l, has a hydrogen atom on tffecarbon atom Fourier-transform infrared spectrometer over the range-500
and might thus produce HOI as a product, which would confirm 4000 cnt? at a resolution of 1 crmt using a germanium-coated

the existence of a five-membered ring intermediate in the KBr beam splitter and a MCT detector cooled with liquid
reaction path. The fluorinated iodoethanes also form a rangenitrogen. The matrices were scanned 500 times, the interfero-
of carbonyt--XI (X = H or F) species. If the five-membered grams being coadded and converted to a single beam spectrum
by a fast Fourier transform algorithm using a zero filling factor

€ Abstract published irAdvance ACS Abstractdjovember 15, 1997. of times four. The spectrum was converted to a double-beam

eExperimental Section
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TABLE 1: Infrared Bands/cm ~! Detected for 2-lodopropane
(Group 1) in a Number of Matrices
Ar 1604/Ar 8O4/Ar assignment 0.504
3007.0w 3006.6mw 3008.0s VaChy
2991.3mw  2989.2m v
2987.5w 2986.6mw 2986.4ms 9
2982.2mw 2983.0ms 5
2966.2m 2966.2mw 2966.7s 2 0.251 ' /-C
2928.9m 2929.0m 2929.1vs Vschy < N N
2924.3mw 2924.1sh, m T ,
2916.4w 2918.7w 2918.5wm Ja
2912.9wm o - A~
2901.2w 2902.7w 2902.5w VCH, Y
2886.9w 2887.7w 2892.5m 700 675
2875.3mw 2879.2w 2878.4mw Wavenumber / cm™'
2867.7Tw 2868.4mw Figure 1. Infrared spectra in theo region of a matrix containing
1464.4m 1463.3m 1463.1s Oachy 2-iodopropanéfOy/Ar (1:6:700) after (a) deposition, (b) infrared-
1458.7mw photolysis § > 650 nm), and (c) UV-vis photolysis £ > 350 nm).
1455.0m 1453.8m 1453.4ms The spectra show the band attributed to t#®Istretch of 2-iodoso-
1448.1w 1448.4mw propane, (CH),CHIO (group 2).
1387.0m 1386.2m 1386.1m Os crg
1371.9m 1372.5ms 1372.1vs
1210.9s 1211.6s 1211.6vw Vec Results
1208.0s 1207.8s 1118280;;3\’5 A. 2-lodopropane and Ozone in Argon. The spectrum of
1148.0s 1149.1vs 1149.0vs Scry an argon matrix containing 2-io<_jopropane ((;)}jG:HI_/Ar =
1144.9sh, mw 1:500) was recorded, and the major bands were assigned (Table
1137.2vw 1137.7w 1137.9w 1) using those for isopropane as a guileCo-deposition of
1133.3w Po-0-p Che 2-iodopropane and ozone in an argon matrix (§EEHI/Os/
1119.9vw 1120.0w 1(1%%14'\,7\,"" _ Ar = 1:6:800), and the subsequent photolysis or warming of
1050 8w Procr the matrix, produced several bands which are grouped in Tables
928.2w 928.3mw Piep Che 1-5 according to their photolytic and thermal behavior in the
876.4m 875.8m 875.6s matrix.
584w, br 588.7w ve-l Bands detected after co-deposition of 2-iodopropane and
582.5w ozone in an argon matrix (group 1 bands) resemble those
548.9w 550.7w . . .
547.3w assigned to 2-iodopropane (Table 1) and oZdrtbe biggest

wavenumber shifts occurring for the ozone bands. Variation

absorbance spectrum. The wavenumbers of the bands observe@lf the (CH;)CHI/O5/Ar ratio had no effect on the products
are accurate te-0.2 cnr. detected.

Ozone was generated from either research grade oxygen Bands generated by photolysis of a matrix containing ozone
(>99.99%) or oxygen-18%97.7%) supplied by British Oxygen  and 2-iodopropane using> 800 nm radiation resulted in the
Co. and Enritech Enrichment Technologies Ltd., respectively, growth of new bands (group 2 bands) at the expense of the
or from a mixture of each. Argon, 2-iodopropane, pentafluoro- group 1 bands. Further photolysis with 650 nm radiation
iodoethane, 1,1,1-trifluoroiodoethane, 1,1,2,2-tetrafluoroiodo- doubled the intensities of the group 2 bands; the intensities were
ethane and 1,1,1,2-tetrafluoroiodoethane were used as suppliegloubled again by 410 nm excitation. However, group 2 bands
by Aldrich, and, excluding argon, were degassed by multiple themselves were destroyed by- 350 nm radiation to produce
freeze-thaw cycles with liquid nitrogen prior to use. The groups 4 and 5 bands. Group 2 bands include medium and
halocarbons were then diluted separately at species-to-argon (Sweak bands at 1200.1 and 1158.9¢massigned to perturbed
Ar) ratios in the range 1:200 to 1:600. The precursors were C—C—H bends, a medium band at 714.5 ¢n§*®O at 690.8,
then separately depositedrf8 h atrates of approximately 3 ~ 679.8 and 671.8 cn) assigned to an+O vibration (Table 2,
mmol h~* onto the Csl cold window (14 K) of a Displex closed- ~ Figure 1) on the basis of tHéO-shift of 34.7 cmi* and a weak
cycle helium cryostat (Air Products DE 202%}2 The vacuum  band at 551.2 crrt assigned to a €I stretch (Table 2).
shroud surrounding the cold window can be aligned for infrared ~ Group 3 bands were first detected very weakly after near-
transmission studies, for gas deposition and for sample pho-infrared ¢ > 650 nm) photolysis. Further visiblél (> 410
tolysis. Spectra were recorded after each matrix irradiation or nm) andi > 350 photolysis increased their intensities by 20
warming cycle to ca. 30 K in order to monitor changes caused and 25%, respectively, whereas photolysis with Pyrex- and
by these processes. quartz-filtered radiation reduced the intensities. Group 3 bands

The matrices were photolyzed for varying periods of time (Table 3 and Figure 2) occur between 833.0 and 792.7*cm
with an Oriel xenon mercury lamm 5 cmthick water filter with the 180 isotopomer bands occurring between 794.0 and
being placed between the lamp and the sample to reduce ther47.2 cnt!. Based on thé®O-shifts of~ 40 cnT! and shifts
infrared output of the lamp. The matrices were photolyzed with between symmetric and antisymmetric stretches 84 cnt?,
various bands of near-infrared, visible, and ultraviolet radiation these bands are assigned te Kiretching modes.
by use of the following transmission filters: infrared 4 mm thick Group 4 bands are detected after photolysis of the matrix
green 4 > 800 nm), 8 mm thick deep red & 650 nm), 2 mm with 4 > 350 nm radiation, coinciding with the loss of the group
thick yellow (@ > 550 nm), 2 mm thick greem(> 450 nm), 2 bands; group 4 bands are destroyed by Pyrex-filtered pho-
2 mm thick green{ > 410 nm), Corning 7 mm blue/green tolysis. Weak bands belonging to this group (Table 4) are
(550> A4 > 350 nm), Pyrex4 > 290 nm) and quartzi(> 240 detected at 3446.4 and 3445.37¢m On the basis of th&fO-
nm). In this way the threshold wavelength of formation of each shifts (3.5 and 10.8 cn respectively) and the wavenumbérs,
photoproduct could be established. these bands clearly arise from-® stretches. The other weak
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TABLE 2: Infrared Bands/cm ~! Assigned to the lodoso-Species (Z10), (Group 2), Detected after Photolysis £ > 650 nm) of
Ozone and (CH),CHI, C;Fsl, CF3CHal, CF,HCF,l, and CFsCFHI in Argon at 14 K

(CHs).CHIO CFs10 CRCH.IO CRHCFRIO CRCFHIO assignment
714.5m 738.7w 732.4mw 739.5w 732.0w V 1160
727.1vw 734.4w 726.0w
727.6w
722.3w
690.8w 706.9w 695.2w 691.4vw 694.6w V|18
679.8m 688.7vw 680.6vw
671.8sh, w
551.2w 535.3vw 554.0w 534.4w 549.6vw Vol
527.2vw 543.1w 547.7vw
TABLE 3: Infrared Bands/cm ~! Assigned to the TABLE 4: Infrared Bands/cm ~! Assigned to the
lodyl-Species (Z-10,), (Group 3), Detected after Photolysis Hypoiodo-Species (Z0Ol), (Group 4), or Hydrogen
of Argon Matrices Containing Ozone and (CH),CHI (4 > Hypoiodide (HOI), Detected after Photolysis £ > 350 nm)
650 nm), GFsl (4 > 350 nm), CRCH3l (4 > 410 nm), of Ozone and (CH;),CHI, C,Fsl, and CF3;CH,l in Argon
CF,HCF,l,2 and CF;CFHI (4 > 350 nm) Matrices at 14 K2
(CHg)2CHIO;  CoFsl0;  CRCHlO, CRCFHIO, assignment (CH);CHI+ 03  GCoFsl +O;s  CRCH,l + O;  assignment
833.0m 818.7viv  815.5w 815.8br, vw  vajtso, 3446.4w 3492.3W V 16y
827.7ms 812.1w 811.4Ww 810.2w 3445.3w 3444vw
820.7m 807.6vw 809.4w 809.3%w 3442.9w V i85y
813.7m 799.9vw 808.4vtv  805.1w 3434.5w
806.9vw 801.1w 968.7m v c-16
807.9wW 787.5vwW  787.9w Va i60l80 961.5m
803.2w 783.3vwW  782.8vvw 955.7mw V187
781.0vwW 953.3mw
799.0m c 777.1vwwf Vs 110, 578.8w 583.9w 588.2vw v 16g_
795.0m 577.7vw
792.7m 567.4vw
794.0mw 768.6mW  773.9vw 768.0vwW Va0, 551.0mw 578.6mWw V 185

788.2mw 764.7mW  768.3vwW  768.0vw

759.2mwW  768.0vw a2 No hypoiodo-type bands detected for the reaction of ozone with

CRHCF,l or CRCFHI. P Band formed after quartz filtered (> 240

765.9vw
764.5vW nm) photolysis of CECH.l in an oxygen matrix® Assignment uncer-
7537w 759.4vwP Ve 101% tain, possibly due to either 155, or to v 165_, of FOI.

7522w 757.5vwP

0.50
759.6mw d 732.0vw  747.2Ww Vs iifo, 8
755.6w 746.2vw 5
752.3mw 742.1vl £ 0.251
747.2mw 741.6w 2
735.7w 2
aNo bands detected in this region for the iodyl-species of this o ,'-"I e
precursor? Bands detected using ozone prepared from a ca. 1:1 mix l7§0 ' |7'oo ' |6;50

of %0, and %0,. ¢ Obscured by bands due to OOfFend of product

-1
group 5.9 Obscured by bands due to-C stretch of precursor. Wavenumber / cm

Figure 3. Infrared spectra in thec—o region of acetone-HI complex,

1.O- . detected after Pyrex-filteredi (> 290 nm) irradiation of matrices

' I containing 2-iodopropane/ozone/Ar (1:6:800). Spectrum of (a) normal
isotopic ozone~ 99%0; and (b) the'®O isotopomer generated from
180; (=97%180;).

B. Pentafluoroiodoethane and Ozone in Argon. After
deposition of pentafluoroiodoethane in solid argonRgDAr

"
»
I v,
Hied
-

Absorbance
(o]
b

EAY 'u‘ " , Wy = 1:400) or in solid oxygen (&51/0, = 1:200) matrices at 14
Y, ','L-,‘_.\_/""J""\‘__‘.,"»' ‘-\ K, the bands detected (Table 6) were found to be at similar
S ———— wavenumbers to those detected previously for liquid pentaflu-
900 850 8°°_| 750 oroiodoethané® Ultraviolet (1 > 240 nm) photolysis of &l
Wavenumber / cm isolated in argon for periods of up il h produced no detectable
Figure 2. Infrared spectra in the region 95025 cm* after UV-—vis new bands. This supports the assumption that the reactions

(4 > 350 nm) photolysis of matrices containing (a) 2-iodopropane/ ; ;
F04Ar (16:300)and (b) 2-odopropaniyar (16700) Thespecra 1o S8 B B TRE T TS LN P CEERE KOS
show the bands assigned to the group 3 species, 2-iodylpropang:-(CH
CHIO.. product thereof.
Co-deposition of pentafluoroiodoethaneigl/Ar = 1:200

band in this group at 578.8 crh (180-shift of 27.8 cn?) is to 1:400) and ozone ({Ar = 1:200 to 1:1000) in an argon
assigned to an ©lI vibration. matrix, and subsequent photolysis or warming, produced a

The bands assigned to group 5 (Table 5) were first detectednumber of new bands which were grouped according to their
after photolysis witht > 350 nm radiation; Pyrex- and quartz- behavior after wavelength- and time-dependent photolysis or
filtered irradiation increased their intensities. Bands detected annealing.
between 1723.2 and 1700.3 cthnare assigned to carbonyl Group 1 bands were detected after co-deposition of pentaflu-
stretches (Figure 3). oroiodoethane and ozone in an argon matrix, and resemble those
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TABLE 5: Infrared Bands/cm ~! Assigned to the
Acetone--HI Species (Group 5), Formed after Photolysis
of 2-lodopropane and Ozone in Argon at 14 K, and Those

TABLE 6:
Pentafluoroiodoethane in a Variety of Matrices after
Deposition at 14 K

J. Phys. Chem. A, Vol. 101, No. 49, 1999263

Infrared Bands/cm ~1 Detected for

Assigned to Aceton& and the Acetone:-HF Specied’

in Argon Ar 0, 1604/Ar 180,/Ar assignment
T 1 1 . 1335.2w  1334.2mw  1335.2m 1335.2mver, + pcks
aceton& acetone-HF fO4/Ar 804/Ar  assignment 1324 1vs 1322 1s 1323.1vs 1322 dvsrer,

1725 1715 1723.2sh,mw 1706.8W vc—o 1309.6w  1310.1mw  1310.1m 1309.6m
1719.2sh,m  1693.0mw 1298.5w  1298.0mw  1298.5mw  1299.0mwcr, + T
1712.9m 1687.7w 1289.3mw  1288.9m
1706.9mw 1683.2w 1286.9mw 1286.0ms 1287.4s 1286.9mvcr, + pcr, ?
1700.3sh,w  1675.3w 1281.6w 1282.6ms 1283.1m

1430 1423 1453.5mw 1442.8W  dacw 1251.7w  1251.3mw  1251.7m 1251.7mvcr,
1448.5mw 1439.3w 1231.5sh 1234.9s
1444.0w 1426.1w 1230.0s
1422.1br, w 1224.3vs  1219.0vs 1213.2vs 1212.2vs
1419.0br, w 1198.2mw 1196.8m 1198.2ms 1197.7mvcey + Oc—c-1 ?

1363 1374 1386.2mw 1381.4w  Oscr 1182.3mw 1188.1mw  1181.8s 1181.8s ver, + T
1363.9w 1377.1w 1181.3m 1177.5m
1358.9vw 1362.8mw 1155.5vs  1153.6vs 1154.5vs 1167.4mwr,
1355.8vw 1354.6w 1141.8mw 1142.8br,vs 1141.3vs 1152.9vs
1351.3vw 1311.1w 1140.8s

1217 1242 1231.6w  wvc—c 1138.4vs 1137.0s 1136.0s

1227.7w 1105.6vs  1102.5vs 1104.6vs 1103.2vscr,
1226.1w 1097.9vs
1222.7w 1097.0s
1218.8w 1083.5w  1082.5mw  1083.5m 1083.0mvcey + pcry ?
1200.1m 1200.3m  dcn, 1064.2w  1064.6w 1064.6mw  1064.6mw
1158.9m 1180.5w 924.3vs 915.7vs 923.4sh VR
1156.8mw 919.5vs 907.0w 916.4vs 917.1vs

1090 1097 1109.3w 1110.8W  po-o-—pcHy 897.3w 898.3m 897.3m 897.1m
1105.2w 1106.4mw 745.4vs  745.0s 745.9vs 745.4s vcc
1096.2w 1101.6w 740.6m 737.7w

933.6w 923.0mw  wch, 729.1w 730.0m 729.1m 729.1m 0,
928.3w 623.0m 622.5s 624.4s 624.4s Ocr,
925.0w 590.7mw  590.7mw 591.1m 591.1m
914.0w 914.3W  wch, 543.2s 543.0s 543.9br,vs 544.4s
902.0w 910.3w
880 875.7m Pi—p CHg c
868.3m 0.251
767.7mw vc-c b
529 556 630.9w dc-c=o J
621.9w
]
detected in the spectra of pentafluoroiodoethane (Table 6) and § O.I5
of ozoné* isolated separately in argon. The biggest wavenum- § a
ber shifts occur for the ozone bands at 1039.5, 1033.8 and b §
1032.0 cmil. In the mixed-ozone experiment¥0;_,180,,
bands are assigned to the and v3 fundamentals and to the 0054
combinatiorw; + v3 of the six isotopomers of ozone (e.g.-16 ’
16—-16, 16-18—16 etc.). Group 1 bands reduced in intensity — — i
after near-infraredA( > 650 nm) photolysis of the matrix. 742.5 7375 7325

Weak bands (group 2) were formed after photolysis wvith
> 650 nm radiation, but with visible radiatiod (= 550 nm
andi > 410 nm) the band intensities increased by 30% after
each successive 30 min cycle. Howexer 350 nm radiation

Wavenumber / cm™'

Figure 4. Infrared spectra in the range 742.5 and 732.5%cof a
matrix containing pentafluoroiodoethane and ozone in argon after (a)
deposition at 14 K, (b) near-infrared photolysisX 650 nm) and (c)

of the matrices destroyed the bands. Group 2 included a strongUV—vis (4 > 350 nm), showing the:o band of the group 2 species,

band assigned to a perturbed Gkretch at 1090.7 cm, having

a small*®0-shift of 1.5 cnt!. Weak bands assigned to perturbed
stretches of the GFunit were detected at 902.6 and 897.3¢ém
and exhibited smalfO-shifts of < 0.9 cnTl. A weak band at
738.7 cn1! (Figure 4) having art®O-shift of 31.8 cml, is
assigned to the—O stretch (Table 2). In the mixed-ozone

iodosopentafluoroethane.

1605_,180,). The bands are considered to be characteristic of
an 1Q; unit, based on the assignment metHofits an iodyl-
species, e.gva 10, — Vs 10, ~ 34 cnTl, while the80-shifts ~
40 cnrl,

Like the group 3 bands, group 4 bands were formed after

experiments very weak bands detected between 638.1 and 615.8V —vis photolysis £ > 350 nm) (Table 4) but, due to the low

cm~t and at 535.3 and 527.2 cthare assigned to Gbends
and perturbed €I stretches (Table 2), respectively. Addition-

intensities, no change in band intensity could be distinguished
after subsequent photolysis at shorter wavelength. This group

ally, in the mixed-ozone experiments a band was detected atconsists of medium bands assigned te@ stretches detected

738.2 cnl,

Group 3 bands (weak) were formed after> 350 nm
photolysis (Table 3), and they remain unchanged on subsequen
shorter wavelength irradiatioi & 240 nm). Weak bands were
detected in thé®%0; experiment at 812.1, 807.6, and 799.9¢m
(between 818.7 and 759.2 cirin the mixed ozone experiment,

at 968.7 and 961.5 cm#, having!®0-shifts of 13.0 and 8.2 cm,
respectively. Weak bands at 583.9 ¢hand at 584.4, 581.0
and 577.4 cm! in the mixed-ozone experiments are assigned
to O—I stretcheg.

The bands detected for group 5 were first detected after UV
vis irradiation; Pyrex-filtered photolysis nearly quadrupled the
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TABLE 7: Infrared Bands/cm ~ of Group 5 Species,
CF3;C(O)F---IF, Detected after UV—Vis Photolysis ¢ > 350
nm) of Pentafluoroiodoethane with Ozone in an Argon

Clark et al.

TABLE 8: Infrared Bands/cm 1 Detected after Deposition
of 1,1,1-Trifluoroiodoethane in a Variety of Matrices at 14 K

Matrix and in a Solid Oxygen Matrix Ar 0. TOd/Ar OJAT assignment
1 1 ) 3052.3w 3055.6w 3048.3w 3054.1w  v4c
O "OJAT *Od/Ar assignmerit 2008.0w  2996.7w  2990.0w  2990.0W 1.
1935.0vw 1938.4ms 1904.7m Vc=0 1469.6w 1469.2m 1469.7wm  1470.6W Och,
1936.4ms 1903.4m 1424.8ms 1427.2s 1425.3s 1426.3s
1933.9ms 1404.6w 1408.0w 1406.5vw
1905.1mw 1909.9ms 1875.7s 1378.1w 1375.2mw  1376.6w 1381.4vw pch, + Ocr,
1903.6mw 1907.7s 1356.4mw  1359.3w 1361.7w
1905.9s 1862.8mw 1349.2w 1345.8mw  1344.3w 1349.1w
1901.2sh, s 1854.4mw 1290.0br,vs 1291.8vs 1291.3s 1292.2vs wch,
1887.7w 1886.8mw 1850.4sh, w 1260.0vs 1262.8vs 1263.3s 1265.2vs vcr,
1327.0vs VCRs 1240.2w 1239.7w 1240.4vw
1286.5s 1276.8m 1214.8s 1214.1s 1214.6s 1215.1s vcr
1282.6s 1275.8m 1197.7w 1196.3w 1196.8vw
1251.3mw 1267.2s 1267.6s Vech 1143.1s 1142.3s 1143.2mw  1144.2mwscr,
1250.8vs 1259.0vs 1131.4m 1131.2s 1131.7m 1132.2m veg
1240.6s 1117.2s 1116.2vs  1114.3vs  1118.2vs
1196.8ms 1197.7vs 1197.7s VF-C-F 1093.6wm 1094.5w
1192.9s 1053.9s 1055.5vs 1054.0s 1058.9s dch,
1180.9s 1166.0vs 1181.8s 0o-c-F T ®i—pn ? 1055.0vs
1173.6ms 1177.5s 842.6m 841.4s 842.4m 846.2W vc_c
1167.4m 842.8mw
1100.6vs 1091.2vs 1089.2s Ve-F 674.3m 674.1s 674.1m 675.5m vy
1082.5m 1082.5s 1083.0s Ocr; + pi—ph ? 629.2s 628.3s 629.2s 629.7s Ocr
1067.6m 1068.5s 532.1w 534.7w 534.7w 535.2w
1063.7m 1064.6s 525.1w
819.7w vc—c 515.4w 516.9w 516.9w
807.6w . . . .
771.5wW 769.6m 768.7w So—c_r In one experiment, Pyrex-filtered photolysis of a matrix
763.8w 762.3mw 765.2w containing GFsl/O2/Ar (1:10:1000) resulted in the detection of
758.9mw bands assigned to carbonyl stretches; the bands increased in
oo W 687.1w Ocs intensity on subsequent UV irradiation. Other weak bands were
VW 6447w O+ W ? also detected at 983.8 and 965.0¢mUnusually, subsequent
596.5w 604.7w Vepe P UV—vis photolysis produced weak bands at 633.3, 629.6, 608.8

@ Subscript i-ph= in-phase, subscript o-p# out-of-phase.
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Figure 5. Infrared spectra in thec—o region of the complex Gfe-
(O)F--IF (group 5), detected after quartz-filtered photolysis of an argon
matrix containing pentafluoroiodoethane and (a) 0280, (b) mixed-
ozone'®0s 180, and (c)80; showing the'®O- and!®O-isotopomers.

intensities, while quartz-filtered irradiation increased the intensi-

and 581.4 cm?, which could then be destroyed by Pyrex-filtered
photolysis.

C. 1,1,1-Trifluoroiodoethane and Ozone in Argon. The
spectra of argon or oxygen matrices containing 1,1,1-trifluoro-
iodoethane (Table 8) were found to be closely similar to the
gas-phase spectté. Ultraviolet photolysis { > 240 nm) of
CRsCHal isolated in argon for upat2 h produced no new bands.
The spectra of 1,1,1-trifluoroiodoethane @CIH.I/Ar ~ 1:500)
and ozone (gJAr = 1:200 to 1:400) co-deposited in argon have
been recorded (Table 8), the bands detected after deposition,
subsequent wavelength- and time-dependent photolysis, or
warming of the matrices being grouped as follows.

Group 1 bands were formed after co-deposition of the
precursors and resemble those detected in the spectra of 1,1,1-
trifluoroiodoethane (Table 8) and of ozdfhesolated separately
in argon. The biggest shifts occur for thre bands of ozone
(6.5 cnmY). In the mixed-o0zone experiments, bands are assigned
to thev, andv; modes and the combinatiom, + v3 for the six
isotopomers. Additionally, some weak bands were detected at
1094.5, 1091.8 and 1090.3 ctwhich are assigned to the
symmetric stretchy) of the 16-16—18 ozone isotopomer.

Photolysis of the group 1 bands with> 650 nm radiation

ties by a further 50% (Table 7). The most diagnostic bands for formed the group 2 bands. Visible photolysis ¥ 450 nm)

this group occur in the carbonyl stretching region (Figure 5). doubled the intensities of these bands, while subsequert UV
After the matrix was warmed, the intensity of the band at 1886.8 vis photolysis £ > 350 nm) reduced them by 30%; the bands
cm~tincreased by 10%, at the expense of a 10% decrease inwere finally destroyed by Pyrex-filtered irradiation. The group

the bands centered around 1936-¢ém Similar behavior was

noted for the bands of th€O-isotopomer.
Pentafluoroiodoethane in OxygernThe spectrum of pen-

tafluoroiodoethane deposited in solid oxygeaR§DO, = 1:100)

2 bands include a medium-weak band at 1404.7 lcifa
perturbed CH bend), a medium doublet at 1282.1 and 1278.4
cm~! (CH, wags), strong bands at 1257.6 and 1199.2c{6F;
stretches), medium-weak and very weak bands at 732.4 and

resembles closely that in solid argon (Table 6). Photolysis of 727.1 cn! (I-0O stretches, Table 2 and Figure 6) and weak
the matrices with quartz-filtered radiation was required before bands at 554.0 and 543.1 ch(C—I stretches, Table 2).
any new bands could be detected (Table 7); the latter resemble Group 3 bands were formed after visible photolygis-(410

the group 5 bands.

nm), and destroyed after quartz-filtered irradiation (Table 3).
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TABLE 9: Infrared Bands/cm ~* of the Complex
CF3C(O)H---HI (Group 5), Detected after Photolysis
0.75+ (4 > 350 nm) of 1,1,1-Trifluoroiodoethane in a Number
of Matrices
] o501 (o 1604/Ar 1605_,180/Ar  1804/Ar  assignment
_§ 2997.1w 2880.5vw Ve-H
§ 1772.5mw 1784.5w 1783.7w VYc=0
o 1777.8m 1778.0mw
< 0257 1765.8vw 1764.7vw
1748.0w 1748.4w
1743.9mw  1743.6mw
o 1730.8vw 1729.1vw
1000 900 800 700 1384.3mw 1382.9s 1382.8mw  1377.2mWi_pc
Wavenumber / cm™ 1377.4mw
Figure 6. Infrared spectra in the range 1000 and 700tof a matrix 1301.2ms  1300.9m wvcr
containing CECH.l/O4/Ar (2:5:1000) after (a) deposition, (b) near- 1281.1s 1283.9s
infrared photolysisA > 650 nm) and (c) quartz-filtered (> 240 nm) 1277.3s 1277.0s 1256.6vs
photolysis. This shows the growth and loss of ihe band of CFk- 1242.1m 1240.4w 1240.4w  Ocr, + Orcr,
CH,lO (group 2), and the growth of some bands of the compleasF ~ 1215.1s  1198.2s 1195.0s 1194.6s Oskcr
(O)H"'HI (group 5) 1197.7s
1195.3s
1177.5m 1170.7s 1173.2ms 1173.9VSVarch
¥ 0025 1168.3m 1167.4sh,ms  1171.4ms
S 1079.1w 1079.6w 1077.7vW ve-c + pcr
€ 991.8w 974.5w 970.0W  Jo-o0-pcH
§ b 953.3w 958.1mw 958.8w 959.1vw
< 0o o 886.7mw De-c—?
820 800 780 760 goL3sh 85L.7vw vee
Wavenumber /cm™ 836.6sh 837.0w 833.7w
Figure 7. Infrared spectra in the IDstretching region of a matrix 707.4mw  684.6w 742.3w 695.3W Ocr,
containing CECH,l/*%0;_,'80/Ar (2:5:1000) after (a) deposition and 690.5vw
(b) visible @ > 410 nm) photolysis, showing bands assigned to iodyl- 689.0vw
1,1,1-trifluoroethane, GEH.IO; (group 3). 598.5vw Orcr,
542.7w
526.1w

Photolysis with wavelengths intermediate between these two
had little effect. In the'®O; experiments, weak bands were 2 dc-c—o Observed elsewhefeat 431 cnt.
detected at 815.5, 809.4 and 806.9 ¢énwhile in the mixed-
ozone experiments a number of very weak bands were detected 101
between 811.4 and 752.2 cin(Figure 7). These bands are
assigned to stretches of the,lOnit. 1 N
Group 4 bands (very weak) detected after-ts photolysis
of the matrix at 588.2, 577.7 and 567.4 ch(Table 4) are
assigned to ©I stretches. A very weak band detected at 3444
cmtis assigned to an ©H vibration, possibly of HOI.
Group 5 bands are formed after UVis (1 > 350 nm) . - -
irradiation of the matrix. Pyrex-filtered irradiation doubled the 1775 1750 1725
intensities of the bands while quartz-filtered irradiation increased Wavenumber /cm”
the intensities by approximately 30% for every 30 min cycle. Figure 8. Infrared spectra detected after Pyrex-filtered photolysis of
The bands detected are assigned as given in Table 9. Note thaén argon matrix containing GEH.l and (a)°0s, (b) 1%0;-,%0x and
a medium band at 1777.8 ciand its weak shoulders at 1784.5  (€) **0s showing theve— bands of the!0- and**O-isotopomers of
and 1765.8 cmt (Figure 8) £20 at 1748.4, 1743.6 and 1729.1  the complex CEC(O)H-+-HI (group 5).
cm™1) are assigned to carbonyl stretches. In the mixed-ozone

experiments, bands were detected that could be assigned to eithe}-300) were recorded, and the bands assigned (Table 10) using
160 or 180 isotopomers, confirming that only one oxygen atom those of other polyfluoroiodoethanes as guides. As with the

is present. No bands were detected that could be attributed toOther species ultraviolet photolysis of SCFl isolated in
hydrogen iodide. argon produced no new detectable products. However, the co-

1,1,1-Trifluoroiodoethane in OxygenThe spectra of Cf deposition of CEHCF,I with ozone in argon (CHCFI/O4/
CHjl deposited in solid oxygen (GEH,I/O, = 1:400) exhibited ~ Ar = 1:2:400) and the subsequent wavelength-dependent
bands (Table 8) similar to those detected for the;@HE photolysis or warming of the matrix resulted in the formation
isolated in argon. Quartz-filtered photolysis was required before ©f many new bands.
any product bands (Table 9) were detected; these were assigned, Group 1 bands, detected after deposition of the precursors,
based on their resemblance to the group 5 bands above. In onere assigned (Table 10) on the basis of their resemblance to
study, photolysis of the matrix with Pyrex-filtered radiation for bands of the isolated precursors, BEF,I and ozoné* The
15 h and quartz-filtered radiation for a furthé h produced a biggest wavenumber shifts occur for the ozegéands, which

Absorbance
[o]
i
o

[0}
0 1
o

weak band at 3492.3 crh (Table 4) assigned to an €M exhibit similar shifts to those detected in the reaction of ozone
stretch, probably of the HOI species. with the other compounds containing a single iodine atofn.
D. 1,1,2,2-Tetrafluoroiodoethane and Ozone in Argon. In the mixed-ozone'fOsz—, 180,) experiments six sets of bands

The spectra of 1,1,2,2-tetrafluoroiodoethane isolated in argonwere detected for the; band, indicating that six different
(CRHCRI/Ar = 1:400) and in solid oxygen (GACR,I/O, = isotopomers of ozone were present.
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TABLE 10: Infrared Bands/cm ~1 of
1,1,2,2-Tetrafluoroiodoethane, CEHCF,l, in a Number of
Matrices after Deposition at 14 K

TABLE 11: Infrared Bands/cm ~ Assigned to
CF,HC(O)F---IF (Group 5), Detected after 350 nm
Irradiation of an Argon Matrix Containing the Precursors

1,1,2,2-Tetrafluoroiodoethane and Ozone

Ar 0, 1604/Ar 1804/Ar assignment
3039 1w e 1604/Ar 1804/Ar assignment
2987.7w 2983.0w 1942.0s 1906.8m VYc=0
1413.7w 1414.0W  On—c-r 1938.5s
1375vs  1387.9ms 1388.4wm  1388.7ms 1909.0vs 1874.8s
1374.6s 1374.7s 1375.1vs 1888.3mw
1347.2m 1345.9ms 1346.1wm  1346.3mwWvick, 1867.3mw 1861.7w
1342.7m 1329.1m 1329.3m Va HCR,
1339.2m 1336.3w 1337.1vw 1270.2mw 1269.9sh, mw Vs HCR,
1242.8w 1243.4wm 1242.6w 1244br, w vce, 1265.3mw 1265.5sh, mw
1227.9s 1226.4s 1225.3vs 1226.1s 1258.3m 1249.9m
1211.7w 1213.9sh, w 1250.5s 1245.6m
1186.1w 1185.8w 1198.7w 1198.3vW vycr, 1246.5ms
1185.9br,w 1186br, w 1178.4mw 00-C-F + Wi—ph
1140vs  1167.1w 1163.3mw  1162.3mw 1167.1w
1145br, vs 1139.1s 1145br, vs vcr, 1079.0ms 1078.8m Ve—p
1123vs  1131.3vs 1124br,vs  1124br, vs 1064.2m 1063.9w, br
1122.4br,vs 1115.0vs 1114.3vs 969.1m OH-c-F
1103.1s 1101.8s 1104.1s 1104.7s  wvc-r 856.8mw Ve-c
1103.0sh, s 849.7mw
1076.7wm  1078.0w OH-c-F Of Ocr, 770.9m 767.1mw O0o-c-F
1049.2s  1058.3wm 1059.3w 1059.2w 764.3mw 760.0mw
1050.6vs 1049.9s 1050.4vs 633.0mw 632.4w OHCR,
942.5vs 940.7vs 940.4vs, bbuck, 625.4mw 625.5w
920.4wm 919.0w 606.3vw Vs I-F
883.5w 883.3w Vel
835.5w 840.2w 840.6w
810.3vs  809.9s 810.1vs 810.9vs vc—c 3
680.3vw Ve v
675.8vw e
658.1m  656.3m 658.7m 658.2m  drcr, 2 2]
656.4m 656.6m 656.3sh, m 2 b
618.7m 618.7m 618.9s 618.8m <
592.9s 586.3s 593.9vs
550.1mw 584.5s
[e) ; - ; : = a
1950 1900 1850

Near-infrared photolysisi(> 650 nm) of matrices containing
group 1 bands produced the group 2 bands. Visible photolysis
(A > 410 nm) increased the band intensities by 20%, butUV
vis (A > 350 nm) irradiation destroyed them. These bands
include ones at 1187.4 cth(perturbedvc—g), 908.4 and 903.3
cmt (very), 562.8 cm! (Ocr,), 534.4 cm? (vc—, Table 2),
and 739.5-722.3 cnT! (v|_o, Table 2), based on tH&0-shifts 1:400) in argon exhibited a number of bands. Subsequent
of 36.2 and 41.7 crrtt between thé®0 bands at 727.6 and 722.3  wavelength- and time-dependent photolysis and warming of the
cm~! and the'®0 bands at 691.4 and 680.6 tin matrices produced various new bands.

Group 5 bands were formed after UVis irradiation; Pyrex- Group 1 bands were detected after co-deposition of 1,1,1,2-
and quartz-filtered irradiation doubling the intensities after each tetrafluoroiodoethane and ozone in argon, and they resemble
photolysis cycle. The bands are assigned in Table 11: notethose assigned to the precursors,;CIFHI (Table 12) and
that the strong bands at 1942.0, 1938%)(at 1906.8 cm?) ozoné* except for minor perturbations. The bands assigned to
and 1909.0 cm' (180 at 1874.8 cm?) and medium-weak bands  ozone exhibited the largest perturbations, and in the mixed-
at 1888.3 and 1867.3 crh (180 at 1861.7 cm?!) are assigned  ozone experiments bands were detected for the six isotopomers
to carbonyl stretches (Figure 9), based on t@-shifts of ~ of ozone. Again, like the other ozone complexes detected in
35 cntl. these studies, efficient photolysis occurs with near-infrared

Warming the matrix caused some bands to decrease inradiation { > 650 nm) to form the group 2 bands.
intensities while others, assigned to the same mode, are Photolysis a1 > 550 nm andl > 410 nm increased the
unaffected or increased in intensity slightly. The largest effect band intensities, while shorter wavelength ¢ 350 nm)
was detected for the carbonyl stretch for which warming reduced irradiation destroyed the bands, which include ones at 1262.7
the intensities of the bands between 1942.0 and 1909:6 cm cm™ (vc—g), 810.7 cnT! (vc—¢), 732.0 and 726.0 cmt (v—o,
by ~ 20%. Bands at 764.3 and 625.4 chwere also reduced  Table 2 and Figure 10), this being confirmed by tf@-shift
slightly in intensities. of 37.4 cnv! for the 1%0 band at 732.0 cni, and 549.6 and

E. 1,1,1,2-Tetrafluoroiodoethane and Ozone in Argon. 547.7 cit (v, Table 2).

The spectra of argon matrices of 1,1,1,2-tetrafluoroiodoethane  Group 3 bands were formed after U¥is (1 > 350 nm)
(CRCFHI/Ar = 1:600) were recorded and the bands assigned photolysis of the matrix, the low intensities preventing any
(Table 12) using the previously studied polyfluoroiodoalkanes changes from being detected after subsequent Pyrex- and quartz-
as guides. Ultraviolet photolysis of @EFHI isolated in argon filtered photolysis. They include (Table 3 and Figure 10) bands
produced no new detectable bands. at 815.8, 810.2 and 805.1 ch(vi—o,).

The spectra recorded after co-deposition of 1,1,1,2-tetraflu- Group 5 bands were formed after UVis photolysis, and
oroiodoethane (GEFHI/Ar = 1:200) and ozone (§Ar = increased in intensity by~ 40% and 20% after subsequent

Wavenumber / cm™

Figure 9. Infrared spectra after Pyrex-filtered irradiation of an argon
matrix containing CEHCF,l and (a)'®0; and (b)80;, showing the
ve=o bands of the®0- and*®0-isotopomers of the complex GHC-
(O)F--IF (group 5).
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TABLE 12: Infrared Bands/cm 1 of
1,1,1,2-Tetrafluoroiodoethane in a Number of Matrices after
Deposition at 14 K

TABLE 13: Infrared Bands/cm 1 of the Group 5 Carbonyl
Complexes, CRC(O)F---HI and CF3C(O)H:-:IF, Formed
after UV —Vis (4 > 350 nm) Irradiation of an Argon Matrix
Containing 1,1,1,2-Tetrafluoroiodoethane and Ozone

Ar 80x/Ar 1603 ,180/Ar  8Oy/Ar  assignment
3013.2w 3015.8w 3014 1w e 1604/Ar 160, ,180,/Ar 180,/Ar assignment
2879w 1894.2m 1894.8w VYC=0 CRC(O)F
1430.5mw 1430.2mw 1430.7w OH-Cc—F 1888.5ms 1889.3m
1368.3sh,s  1360.3vs 1368.4m 1368.3s  wvc 1877.2w 1877.6w
1362.6vs 1353.9s 1362.0s 1361.9vs 1853.2m 1853.0ms
1353.5s 1353.7sh, s 1826.0w 1826.2w VC=0 CRC(O)H
1294.7w 1286.1ms  1287.5s 1286.7vs 1815.5w 1815.2w
1286.8s 1273.0s 1277.2vs 1275br, vs 1792.0w 1785.3mw 1785.3mw
1274.9vs 1263.1w 1274.9vs 1262.3sh, w 1779.1vw 1778.7w
1262.5m 1262.3m 1774.8w 1774.6w
1250.6m 1249.6mw 1249.9w 1249.9mw  vack 1409.2w 1408.6mw @R, ?
1249sh, m 1244.8w 1336.3w 1334.4mw 1333.5mw  vcg
1244.0mw 1244.2w 1236.0ms 1286.9s VECK,
1235.0vs 1234.2vs 1206.1sh,m 1235.6s 1259.4sh, w
1197.9br,vs 1195.0vs 1197.3vs 1196br, vs vc—¢ 1247.3m 1246.3m 1246.9m
1164.3mw 1163.4w 1163.9w 1164.0w VsCR 1185.1s 1185.0sh,w 1184.1ms  Jo-c-F + Wi-pn ?
1153.3mw 1152.2w 1153.5w 1153.5w 1177.4sh,w 1177.9sh,w 1178.3mw, sh
1132.9sh,m 1132.3sh,s vy-—c-F 1092.6mw 1091.7m 1093.5mw  vc-g
1126.2br,vs 1122.4vs 1125.9vs 1124.0vs 1087.2w 1091.5mw
1105.7mw 1104.8w 1105.3w 1105.7s 1089.2s
1093.6ms 1093.6mw 1093.5m Ve-F 1069.2sh,w  1069.5ms Ocr; + pi—ph ?
1092.1sh, ms 1092.2mw 1091.5mw 1086.5m 1061.5s 1064.2w
1086.6m 1086.8w 1087.3w 1075.8s OH-Cc—F 1053.8w 1054.1w
1077.1vs 1073.7vs 1076.1s 1069.8sh, m 890.9w 878.4w Ve—c
1062.8s 1062.9s 1061.8mw 1063.3m 879.5w
862.4vs 861.8vs 863.4mw 863.2s Ve-c 690.5mw 691.4sh, w Ock
854.4m 854.6m 854.9w 854.8mw 676.1w ®i—pht Wo—ph ?
683.7m 684.2m 684.2m 684.3m Vel 635.2vw
658.2w 657.7w 652.9w (5(;|:3 603.6br, w 592.5w do-c-F, 6FCF£ Oor vs |-g
567.2w 566.9s 567.1m 567.2m 582.9w
526.6w 526.4vw OF—c-F
522.2mw 522.4m 522.1mw 521.9mw
516.5mw 516.4m 516.5mw 516.4wm 51
’ 4-
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Figure 11. Infrared spectra recorded after Pyrex-filtered irradiation
of argon matrices containing @EFHI and (a)*°03s, (b) 160580, and

(c) 180, showing thevc—o bands of theé'®O- and*®0-isotopomers of
the complexes GE(O)F--HI and CRC(O)H---IF (group 5).

Wavenumber / cm™
Figure 10. Infrared spectra in the region 900 and 725 ¢mf a matrix
containing CECFHI/*%0;_,80,/Ar (2:1:400) after (a) deposition, (b)
visible (1 > 410 nm) photolysis and (c) Pyrex-filtered photolysis, ) ) ]
showing the growth and loss of the, band of CECFHIO (group 2), species and ozone in argon matrices and resemble the bands
growth of thevio, bands of CECFHIO; (group 3), and growth of some  detected for the precursors isolated separately in argon (Tables

bands of the CFE(O)F+-HI complex (group 5). 1, 6, 8, 10, and 12), except for small perturbations. The bands

Pyrex- and quartz-filtered photolysis, respectively. The bands @sSigned to ozone exhibit the largest wavenumber shifts,
detected (Table 13) include ones between 1894.2 and 1792.0°c0mparable to those for precurseozone complexes discussed
cm? (ve_o) (Figure 11,180-shift of 35.5 cnl), 1336.3 cmit elsewheré™* In each case, the complex perturbs the photo-
(180-shift of 2.8 cnT?) (ver,), 1286.9 and 1247.3 cm (ver), chemistry by allowing ozone to be dissociated after near-infrared
1092.6 and 1087.2 cm (vc_r), 890.9 and 879.5 cm (vc_c, irradiation @ > 800 nm for 2-iodopropane ard> 650 nm for
Figure 10), 690.5 crri (dcr.) and 603.6 cmt can be assigned the polyfluoroiodoethanes); this photodissociation occurs via a

to either a vibration described by the mixing of an O®End charge-transfer type mechanism, similar to that reported previ-
and a CE bend, or to the +F stretch. ously* in which an oxygen atom is transferred from ozone to

. ) the iodine atom of the iodinated alkane to form the iodoso-
Discussion species. The difference in threshold wavelength required to
The various bands reported above for each experiment, areinitiate a reaction is probably due to a difference in ionization
grouped below according to the chemical species to which they energies between 2-iodopropane and the polyfluoroiodoethanes.
refer and their photolytic and thermal behavior. lodoso-Species. Group 2 bands are formed after near-

Precursor---:Ozone Complex. These bands (group 1) are infrared photolysis of matrices each containing one of the
detected after co-deposition of each of the five iodine-containing halocarbons and ozone, and are finally destroyed by-U¥



9268 J. Phys. Chem. A, Vol. 101, No. 49, 1997 Clark et al.

(4 > 350 nm) or Pyrex-filtered irradiation. In each experiment precursors. Where possible to detect, the formation of the group
the growth of these bands appeared to occur at the expense oft hypoiodo-type bands (ZOl) coincided with the loss of the
the group 1 bands, indicating a stepwise mechanism. Possiblyiodoso-species bands (group 2); the group 4 bands were
the most diagnostic bands detected for this group, despite theirdestroyed by Pyrex-filtered irradiation.

weakness, are assigned te@ and C-I stretches (Table 2). In the matrix isolation experiment of 2-iodopropane and
The wavenumbers are close to the values for other hydrated  ozone, bands are assigned to antDand an G-I stretch and

and fluorinated iodoso-species (between ca. 714 and 748 cm  thus to hydrogen hypoiodide, HOI. Thrg, band could possibly
detected previously.# Also the *80-shifts are very close to  pe attributed to the Ol vibration of the G-O—1 unit, except
that predicted for +O, and the detection of bands for either that no other bands were detected which could be attributed to
the 10 or 80 isotopomer suggests the presence of a single this hypoiodo-species. However, given the species reported
oxygen atom in this species. Thus the presence of an iodoso-previously and for the other precursors in this work, it seems

species (£10) is indicated in each case. likely that 2-hypoiodopropane might be present. The detection
Several similar iodoso-species (CIKGH;l0,2 CRIO,2 CoHs- of HOI here agrees with the gas-phase results of L¥aeteal.
10,4 and HIO®) have been reported to have the D structure. Using pentafluoroiodoethane as the precursor, bands detected

The addition of methyl groups shiftso to lower wavenumbers, are assigned to-€0 and G-I stretches. Theo, bands of HOI

e.g. iodosometharteHsC—10, (723.7 cntt) and 2-iodosopro- and GFsOl are separated by 9 cnml, and thus it seems
pane, (CH),CH—-IO, (714.5 cnt?). This trend is caused by possible that the bands detected in this experiment could be
the methyl groups donating electron density into the gpsz* attributed tovg, of the fluoro-analogues, GEF,OIl and FOI.
orbital of the O bond. Trifluoromethyl groups (GJron the The FOI species would be formed in much the same manner as
other hand, have the reverse effectign on account of their is HOI in the iodoethane/ozone experiments, i.e., via a five-
electron withdrawing capabilities; thus theo values of membered ring intermediate. Unfortunately, ne®stretching

iodosotrifluoromethane, GFI10,2 (732.7 cnt?) and iodoso- bands were detected (tlvgr bands of the triatomics FOR22
pentafluoroethane, £5—10, (738.7 cml) are above those of  and FQ?324occur at 492 and 584 crh, respectively). Using
their alkyl counterparts. The remaining specieszCi,—10 the 1,1,1-trifluoroiodoethane precursor, bands were detected at

(732.4 and 727.1 cmt), CRRHCR—I10 (727.6 and 722.3 crii) 588.2, 577.7, and 567.4 cth which supports their assignment
and CRCFH—IO (732.0 and 726.0 crd) can also be compared to O—I stretches, possibly of GEH,OI, HOI or FOI. The
with those above. weak band at 3444 cm (3492.3 cn! in the oxygen matrix)
lodyl-Species. The iodyl-species bands (group 3) were tentatively assigned to the-GH vibration suggests the presence
formed after visible { > 410 nm) and UV-vis (1 > 350 nm) of HOI. The presence of FOI would be expected if the five-
photolysis of matrices, each containing ozone and one of the membered ring intermediate mechanism were operating, but
iodine-containing precursors. However, any bands attributable 2gain novor bands were detected. The presence of HOI is
to iodyl-species formed during the 1,1,2,2-tetrafluoroiodoethane/ accounted for by the reaction of HI (from €FH,l) with oxygen
ozone experiment were too weak to be detected. Destructionatoms;® and this mechanism almost certainly operates for the
of such bands after subsequent Pyrex- and quartz-filtered 0Xygen matrix experiment in which over 19 h of photolysis was
photolysis was only observed in a few cases, while in others, eémployed. This observation might also account for the disparity
the low intensities prevented any changes from being detected Whereby HOI was detected in the matrix reactions of io-
This group of bands is assigned to various #Detches (Table ~ domethan®2¢ and molecular oxygen (during which long

3). Bands in the 808830 cnr? region detected in th&fO; periods of ultraviolet photolysis were required) but not in the
experiments, and assigned to the anti-symmetfio,lstretch, matrix* and gas-phad& experiments using ozone to produce
are similar to those attributed to iodylethane (83825.4 cnt?) oxygen atoms. The lack of detection of FOI, and the tentative

and iodyltrifluoromethane (799 cm). In the experiments  evidence for HI would at first tend to suggest that a five-
involving 1603 with C,Fsl or CRsCHal, no bands assigned to membered ring intermediate was not being formed; however,
the symmetric stretch were detected due to the low absorbanceas Will be discussed later, it is thought that the intermediate
and, in the former case, also to near coincidence with the’ OCF rapidly rotates around thew-carbon to give the observed

bend of tetrafluoroethanal at 76070 cnt’. In the mixed- products.

ozone experiments, the bands were assigned using the criteria Carbonyl Complexes. These bands were first detected after
employed elsewhetdi.e. 8O-shift ~ 40 cnTt; va10, — s 10, UV—vis photolysis £ > 350 nm) of the matrices and they

~ 34 cnml; v (of Z—10) — vs |0, (of Z—107) ~ 60—80 cnTY). increased in intensity after subsequent Pyrex- and quartz-filtered

Additionally, the antisymmetric and symmetric stretches of the irradiation. Like the hypoiodo-species bands, the formation of
various IQ isotopomer units support the conclusion that this this group of bands appeared to be at the expense of the iodoso-
unit contains two oxygen atoms. Thus the presence of thesespecies bands. However, unlike the hypoiodo-type bands, these
10, units suggests the existence of the iodyl-species|(®%) bands continued to grow after Pyrex- and quartz-filtered
which are believed to be formed via a reaction of the precursor photolysis, providing further support for a stepwise reaction in
(z—1) with an excited oxygen molecule, or possibly via a which photolysis converts iodoso- into hypoiodo-species and
reaction of the related iodoso-species-(D) with an oxygen then to carbonyl-species. These bands (group 5) are attributable
atom. to several carbony-Lewis acid complexes, which were the
Hypoiodo-Species. These bands (group 4) were formed after final species detected. In all cases the carbonyl stretching bands
UV —vis (/1 > 350 nm) photo|ysis of argon matrices Containing are the most diagnostic. The various carbo'nybwis acid
ozone and either (CCHI, CoFsl or CRCH,l, and are assigned ~ complexes are discussed below.
to either G-H, C—0 or Ol stretches (Table 4), depending on (i) (CH3).CO---HI. Bands attributable to this species were
the precursor involved. No bands of this type were detected detected after photolysis of ozone and 2-iodopropane (Table
following the reaction of ozone with either of the precursors 5). The most diagnostic bands are those assigned to the carbonyl
CFRHCF,l or CRCFHI, again due to the low intensities, but stretch,vc—o and, based on the similarity of the band wave-
the subsequent formation of photoproducts (group 5) confirms numbers to those previously noted, these group 5 bands have
that the same interconversion route is followed by the other been attributed to acetoR&.2° By examining the wavenumber
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TABLE 14: Infrared Bands/cm ~! Assigned to the Carbonyl

Stretch of the Polyfluoroethanals, CXC(O)X (X = H or F),
Perturbed by Either HI or IF
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In matrices containing ozone and 1,1,1-trifluoroiodoethane,
the group 5 bands detected after photolysis (Table 9) are in
good agreement with those reported in the gas-phase spectra of

complex precursor  wvc=l% Visolated— Vcomplexed CRC(O)H1" No bands were detected for hydrogen iodide, but
CRC(O)F-IF CoFsl 1938.4ms -394 due to its low infrared absorbance this is not entirely unexpected,
1936.4ms —37.4 and the detection of HOI (group 4 bands) provides support for
1933.9ms —34.9 the presence of hydrogen iodide. Therefore this group of bands
1909.9ms 109 is attributed to the complex GE(O)H:-+-HI.
1907.7s -8.7 Employing 1,1,2,2-tetrafluoroiodoethane as an initial precur-
1905.9s —6.9 sor, the group 5 bands (Table 11) are assigned usin@ CH-
1901.2sh, s —22 F34 and CRC(O)H7 as guides, i.e., the detection of bands
1886.3mw 12.7 attributable to either the-COH or —COF unit should be
CRHC(O)F+IF CRHCFRl 1942.0s —43.0 diagnostic of the carbonyl species present. The bands between
1938.5s —39.5 1942.0 and 1867.3 cm (180 between 1906.8 and 1861.7 thh
are assigned to the—o of CRC(O)F* (1899 cn1?) rather than
1909.0vs —10.0 to that of CRC(O)H!” (1788 cn1?). In addition, the bands at
1888.3mw 107 1079.0 and 1064.2 cm are assigned to the-—r and those at
1867.3mw 31.7 770.9 and 764.3 crt to docr. No bands were detected that
CRC(O)F--HI CF3CHFI 1894.2m 4.8 could be assigned to any-' bends. By comparison of the
1888.5ms 10.5 bands detected with those of carbonyls having@OF unit, it
CRC(O)H-IF CRCHFI iggg%‘\’,\’v —3281.68 is clear that the_ _species must be BE(O)F, 1,1,2-trifluoro-
1815.5w _275 ethanal. In addition, a very weak band at 606.3 gndetected
1792.0w —4.0 in the 1803 experiments, provides tentative evidence for the
CRC(O)H--*HI  CFsCHyl 1784.5w 3.5 presence of IF, and for the complex £fC(O)F-:IF. The
i;gg-gc‘w %SS wavenumber shifts of thec—o bands are in good agreement

with those of other carbonytIF complexes. Again, warming
the matrix indicated that the complex existed in two geometries
distinguished by their thermal stabilities.

The final precursor in this study, 1,1,1,2-tetrafluoroiodoeth-
shift relative to that of isolated acetoffejt is possible to ane, also produced group 5 bands after photolysis with ozone
attribute these bands to three acetone complexes in argon. Thén an argon matrix. The bands detected (Table 13) are attributed,
medium-weak band at 1723.2 chis thevc—o band of acetone by comparison with those of GE(O)F*4 and CEC(O)H1" to
isolated in argon. The other carbonyl bands are assigned tothe complexes GJE(O)F--HI and CRC(O)H-+-IF. The most

two acetone-hydrogen iodide complexes; a medium band atdiagnostic bands for these complexes are those assigned to the
1719.2 cnt is attributed to a molecular-pair complex, while  y_q stretch (Figure 11).

medium-to-weak bands at 1712.9, 1706.9 and 1700.3 cane Examination of the carbonyl bands of these carboryéwis

attributed to a complex involving a hydrogen bond between g complexes provides us with two pieces of information. First
acetone and HI. Although no hydrogen iodide was detected in e \yayenumber enables us to distinguish the environment of
this study, the bands can be compared to those in which acetongy, carbonyl band, i.e., carbonyls having eith€OH or—COF

and _Hl_were deposite%l separgtely and rg;ulted in_the f_or_mationumts; positive identification of the final products helps to
Of. similar_ complexes: I\/_Iatnces containing various initial distinguish between possible competing mechanisms for their
2-iodopropane/ozone ratios produced no additional bands,Iorooluction Second, the wavenumber shift € Visojated —

. . . . . ’ Isolatel
indicating that a 1:1 complex between HI and acetone is formed Veomplexed Of the complexed bands from those of the isolated

from oxygen-atom addition to 2-iodopropane. carbonyl, can be used to distinguish between the complexes

(i) CX3C(O)X-+HI or --*IF (Where X= F or H). The :
reaction of oxygen atoms with the four polyfluoroethanes has perturbed by IF or HI and, more importantly, to supply

produced a number of polyfluorocarbonyls complexed with information as to the geometry a_nd n_ature of the bonding
either HI or IF (Table 14). between the carbonyl and the Lewis acid.

The majority of group 5 bands detected for the pentafluoro- ~ FOr cases in which Hlis the Lewis acid, the-o bands are
iodoethane precursor (Table 7), resemble those previouslyShifted to lower wavenumbers (Table 14), e.g. those ofGGF
reported for CEC(O)F in the gas pha&?32 and in an argon  (O)F-HI are shifted by 4.8, 10.5 and 21.8 cfmand those of
matrix34while the band at 596.5 crhresembles those assigned CRC(O)H+HI by 3.5, 10.2 and 22.2 cm. For these
to IF, reported previously in the gas phasesolated in anargon ~ complexes, the least shifted bands ¢ 5 cn?) are assigned
matrix 3 and in the complex COF+IF.3 Based on this spectral {0 & weak complex in which the HI has very little effect on the
evidence these group 5 bands were attributed to the complexcarbonyl. The medium shifted banda (~ 10 cnt?) are
CFR:C(O)F++IF. On warming to ca. 30 K, the intensity of the attributed to a molecular-pair complex between HI and the
carbonyl band at 1886.8 crhincreased at the expense of those carbonyl. Finally, the most perturbed bands ¢ 20 cnt?)
centered around 1936 cth Thus bands that increased in are attributed to a complex involving a hydrogen bond between
intensity or remained unchanged after the sample was warmedthe hydrogen atom of hydrogen iodide and the oxygen atom of
have been assigned to a more thermally stable arrangementthe carbonyl bond. For further comparison these wavenumber
involving a head-to-tail dipoledipole interaction between the  shifts can be compared to those detected previously farghe
O and | atoms of the GE(O)F and IF, while bands that reduced bands of the carbonytHI complexes: CObt+-HI (Av = 6.1
in intensity are assigned to a complex involving a molecular- and 12.4 cm%)? (16 cnt?),3” CHsC(O)H-+-HI (9, 16.3, 19 and
pair type complex with the €0 and IF bonds parallel to each  22.6 cnt)* and (CH,),CO (8, 12 and 17 cmh)?° (2, 10.3, 16.3
other. and 22.9 cm?, this work).

3 Visolated Of CRC(O)P4 = 1899 cn1?, of CRC(O)H = 1788 cn1?,
for CRHC(O)F uS&Visolatea= 1899 cnT? (same as CI(O)F),+ve =
shift to lower wavenumber;-ve = shift to higher wavenumber.
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SCHEME 1
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(CH3),CHI 4+ O CX5CX,l + O
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-1--- molecular complex 3CXo-1---
CHj 0 O\o
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[(CHy),CHI---0 5| ion pair [CX3CXI*---0571"
/() o
(CH3),CHI iodoso-species (2) CX;CXZ/
+ 0,
A > 350 nm

N : N
[ \ ; ] five-membered ring intermediate [ X p! ]
}7R + 1101 (4) 7‘*
CH, R
O O
(CH;):(,‘H/ \[ hypoiodo-species (4) CX;CX2/ \l
hv rapid decay hv
H
I/\ warm /OALAH*I X/<\/% warm / )LAilix
CHy~ K‘W’ T X3 KOW X3 K
CHy CH; X X

dipole-dipole complex  molecular-pair complex

carbonyl complexes (5)
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o A > 650 nm 0
(CHyCHA-| = (("H;)ZCH»I<
o)

(0]
iodyl-species (3,

o}
X ;CXZ-I<

(6]

(] 3
(‘X}CX:—I——'H m,
(€]

For the complexes perturbed by IF, the-o bands are shifted
both to higher and to lower wavenumbers (Table 14); thus, for
the complex CEC(O)F--IF, bands are blue-shifted by 39.4,
37.4, 34.9, 10.9, 8.7, 6.9 and 2.2 chand red-shifted by 12.7
cm1, while for CRHC(O)F-+IF, bands are blue-shifted by 43.0,
39.5 and 10.0 cm' and red-shifted by 10.7 and 31.7 chnFor
CFRC(O)H:--IF the bands are blue-shifted by 38.0, 27.5 and
4.0 cnTl. First, the blue-shifted bands can be split into three
groups: (i)A between 30 and 40 cm, (i) A ~ 10 cntt and
(i) A <5 cnrL. The red-shifted bands have shifts of c. 10
cm L. Thus for the carbonyi-IF complexes there are three
types of complex: two blue-shifted and one red-shifted (the
bands blue-shifted by less than 5chinvolve only a very weak
complex). The bands with the largest blue-shift are assigned
to a complex with the+F bond parallel with the carbonyl bond
(molecular-pair complex). Finally, the red-shifted bands are
assigned to a complex involving the head-to-tail, dipal@ole
interaction between the iodine of IF and the oxygen atom of

the carbonyl. These red shifts, and especially the band shifted

by 31.7 cnt! detected for CEHC(O)F-+IF, indicate that the

Clark et al.

iodoethane reactioh.The first species detected after deposition

is a weak complex between ozone and one of the iodine-
containing precursors, e.g. (GHCHI---O3 and GXsl++-03 (X

= H or F). The formation of such a complex alters the
photochemistry of ozone sufficiently for effective transfer of
an oxygen atom to the iodine substituent after near-infrared
photolysis £ > 800 nm and. > 650 nm). This transfer occurs
via a charge-transfer type mechanism, forming an iodoso-species
((CHs3)2CH—I10 or C:X5—10) having a C-1—-0 linkage. Sub-
sequent UV-vis (1 > 350 nm) irradiation destroys the iodoso-
species to form the group 4 hypoiodo-species (). How-

ever, appropriate bands were not detected in all of these matrix
experiments due to low intensities. Further Pyrek->( 290

nm) or quartz- { > 240 nm) filtered photolysis forms easily
identifiable carbonyl complexes (group 5). The mechanism of
interconversion between these species is of interest since, in
the gas-phase reaction of ozone with iodoetifanad other
iodoalkanes? a five-membered ring intermediate was proposed
which gave rise to HOI. The aim in these studies was to detect
bands that could provide direct evidence for the presence of a
five-membered ring intermediate and hence species such as FOI
and HOI as well as (CkJ,CHOI and GXsOl. The main doubt
centered on whether the-@—O bond rearranged to form a
five-membered ring, or whether the rearrangement was centered
on the carbon atom containing the-Cbond. In fact the final
rearrangement is believed to be a combination of both, in which
the C-1—-0 bond rotates to form a weak five-membered ring
intermediate; if thes-carbon has H atoms attached (as with
iodoethane and 2-iodopropane) then HOI is detected, whereas
if the g-carbon has F atoms then FOI is not detected due to the
stronger C-F bond. In low-temperature matrices the five-
membered ring intermediate rotates further to bring the O atom
close to the C atom (on which the | atom is attached) forming
a new C-O bond, hence the hypoiodo-species;@l. These
hypoiodo-species rapidly decay forming &O bond and the

| atom abstracts either an H or F atom (depending on the
precursor) from thex-carbon to form HI or IF, respectively,
and hence the carbonyiXl complex (X = H or F). In the
gas-phase reaction of iodoethane and ozone, however, the five-
membered ring dissociates into HOI and ethene. Fortunately,
the detection of the final carbonyl complexes proved very useful
since this helped us to determine the mechanism without having
to detect either the five-membered ring intermediate or, in some
instances, the hypoiodo-species. Annealing the matrix, in some
experiments, enabled two geometric arrangements of the final
complexes to be identified.

In the solid oxygen matrices, similar carbonylewis acid
complexes were detected, which suggests that the oxygen atoms
produced are able to insert into the-Cbond in the same
manner as those produced in the ozone experiments. The lack
of intermediate products is accounted for by the shorter
wavelength radiation required to generate oxygen atoms, which
effectively destroys any intermediates which form.

A final group of species (Scheme 1b) was detected after
photolysis with visible radiation; these species resemble those
detected elsewhetand are considered to be the iodyl-species,
(CH3)2CHIO, and GXslO,. The low yields in these experi-
ments were matched by the low yields reported for the reaction
between ozone and trifluoroiodomethane.

Conclusions

IF complexes are at least as strong as their hydrogen iodide The reactions between ozone and 2-iodopropane or the

counterparts.
Photochemical Interconversion. The photochemical path-

polyfluoroiodoethanes have produced many intermediates with
various iodine-oxygen bonds as well as many new carbonyl

way (Scheme 1a) is similar to that proposed for the analogouscomplexes. The photochemical reaction path (Scheme 1) has
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been shown to account for the species detected and to support (15) Risgin, O.; Taylor, R. CSpectrochim. Acta959 12, 1036-1050.

the mechanism previously proposed as well as the results of

the gas-phad@reactions.
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