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Solvation Can Open the Photoisomerization Pathway for the Direct Photodissociation
Reaction of Diiodomethane: Transient Resonance Raman Observation of the
Isodiiodomethane Photoproduct from Ultraviolet Excitation of Diiodomethane in the
Solution Phase
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We report transient resonance Raman experiments that identify isodiiodomethane as the photoproduct
responsible for the-385 nm absorption band observed following ultraviolet excitation of diiodomethane in
liquid solutions. Comparison with previously reported gas-phase experiments and solution-phase resonance
Raman and femtosecond transient absorption results suggest that solvation leads to appreciable production of
the isodiiodomethane @&—1—1) photoproduct via the interaction of the initially formed @ldnd | fragments

with the solvent cage. The isodiiodomethane photoproduct is likely the species or an intermediate to the
species that reacts with alkenes in cyclopropanation reactions that use ultraviolet excitation of diodomethane
in liquids.

Introduction and dynamics are not very clear in condensed-phase environ-
ments such as solid matrices and liquid solutions despite a

diiodomethane as a reagent with a-ZBu couple® In the number of investigations. Excitation of condensed-phase di-
. i i i i 19 i _
solution phase, the photolysis of diiodomethane in the presence'ijOrmtr.]argéa with ulf[ravpgl)legzllgl‘ﬁ‘ as well as direct pho
of olefins gives cyclopropanes with high stereospecifiéitthe tolonizatio ar)d.radlonS| ) all produce phptoproducts that
use of diiodomethane in cyclopropanation reactions has beenz;v?v(\/:zgli?cfrﬁlr%SZrS%:‘ptlggsti)azdigianrngr:tesn?lz)vingesezlo ut
refined and extended to a variety of molecules and solvent : . orp g ) P
systems$~> A number of intermediates such as an excited forward for the _|dent|ty of these phqtoproducts. trapped
diiodomethane state, an iodocarbenitimdide ion pair or others electrons;? the cation of CHl 2°#2and the isomer of Ch,. 119

. . . One possible assignment suggested was the 385 nm absorption
h b d for th I t t . . )
dﬁ?)lgomeeet?]a?nrgpaossz reg;én%. cyclopropanation reactions USIngband is due to the CHL™ radical cation and the 570 nm band

Excitation of gas-phase diiodomethane with ultraviolet light Is due tg. th:a.CI?I] rad'cal‘:ﬂThﬁ absgrptldon'spﬁctrum of the
(<5 eV) leads to a direct photodissociation reaction that gives CH?I r6213 ica’lin the gas phase shows bands in t_ e-sHiiD nm
a Chyl radical and an iodine atom in the ground staf®4b) region? _Ma|er and cq-wo_rkers proposed an aslsslglglment of these
or the spin-orbit excited state (PPi).58 Although it is absorption bands to isodiodomethane@t| —I)™based on
energetically feasible to produce gldnd b at wavelengths '”ffaTed absorp_tlon spec_tra obta_lne_d n Iovy_-temperature solid
below 333 nm, this process is symmetry forbidden for the matrices folloyvmg ultraviolet excitation of diodomethane and
ultraviolet transition31® and only becomes appreciable at € observation that the process appeared at least partly
energies>6.4 eV1112Flash photolysis experiments by Schmitt reversible then thg ph_(_)toproducts were further excm?d. The
and Comes have shown that ultraviolet excitation of di- thermal stability of isodiiodomethane was also tested in low-
iodomethane in the gas phase leads predominantly to thé CH temperature polyethylene matrices and started to dis.a.ppear at
+ 1 or I* product channels and the GH- I, channel is at best '_[emperatl_Jres above 100 K and th_e thermal stabilities of
a very minor one for ultraviolet excitation. Molecular beam Sobromoiodomethane and isochloroiodomethane were much
experiments have shown that the ultraviolet photodissociation lOWer*® Thus, it is not clear whether the isodihalomethane
of diiodomethane in the gas phase occurs on a repulsive potentiaPPecies will have any importance for reactions occurring in
energy surface with a time much less than a rotational péfiod. "oom-temperature liquid solutions.
Translational photofragment spectroscopy experiments indicate Several research groups have investigated the short-time
that the CHI photofragment receives substantial excitation of photodissociation dynamics of diiodomethane ultraviolet pho-
its internal degrees of freedo? Vibrational energy distribu-  todissociation in liquid solutions using femotsecond transient
tions of the CHI photofragment were measured using infrared absorption spectroscop§.2¢ These experiments monitored the
fluorescence experiments following ultraviolet excitatié@® photoproduct produced using 62040025 and 296-1220 nm
The quantum yield for production of I* from the photodisso- wavelengthg8 Although, the transient absorption spectra from
ciation of gaseous diiodomethane excited from 247.5 to 366.5 all three experiments displayed similar behavior (a fast rise
nm was also measuréd. followed by a fast decay and a slow rise), their results led to

In contrast to the relatively clear picture for the ultraviolet three different interpretations depending on the identity of the
excitation of gas-phase diiodomethane that results in a directspecies attributed to the photoproducts. The interpretation of
photodissociation reaction of one-Cbond, the photochemistry  much of the photochemistry and ultrafast experimental #ofk
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The Simmons-Smith reaction for cyclopropanation uses
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done for the ultraviolet excitation of diiodomethane in condensed
phases is unclear because of the ambiguity about what photo- A
product species is responsible for th@85 nm and~570 nm
absorption bands observed in both solid matrices and liquid
solutions. The identities of these photoproduct species are also w
important for better understanding the mechanism(s) of cyclo-
propanation reactiofs® involving solution-phase diiodomethane.

In this paper, we report transient resonance Raman experi- B
ments that unambiguously identify isodiiodomethane as the
photoproduct that is mainly responsible for the385 nm
absorption formed following ultraviolet excitation of di-
iodomethane in liquid solutions. Density functional theory
calculations of the optimized structures, vibrational frequencies
and electronic absorption spectra are also reported for isodi-
iodomethane, CH,", and CHI. We compare our current
solution-phase results with those previously found for the
ultraviolet excitation of gas-phase diiodomethane and discuss
the effects of solvation on the photochemistry of diiodomethane. D
We briefly discuss the implications for the mechanism of
cyclopropanation reactions via ultraviolet excitation of di-
iodomethane in liquid solutions.

Intensity
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Diiodomethane (99%), diiodomethadg{99%), and spec- _ _
troscopic grade cyclohexane (99.9%) were purchased and usedfigure 1. Examples of a typical 416.0 nm probe only Raman spectrum
as received to prepare samples of about 0.20 M for the time- (A): 309.1 nm pump only spectrum in the probe wavelength region
resolved resonance Raman experiments. The apparatus angg)’ a pump-probe Raman spectrum (C), and the resuiting transient

. . sonance Raman spectrum (D) of the diiodomethane photoproduct.
methods for the time-resolved resonance Raman experiments

h‘?“’e been given previousfy* and only a short.descriptior.l (Sadlej TZVPY? basis sets were used for the B3LYP density
Wf"{r?e t%r_esinted here.g‘gr;e?hydrog(f-:-n Raman Sh'f:jed I?se(; Il'\Tg_Sfunctional theory (DFT) calculations (structure and vibrational
:)(AGeI Ir a”"?g”éc % ' nm)3c())9alnanosecgn ptl)J se416 O. frequencies computations) and for the time-dependent density
aser provided the pump (309. . nm) and probe (416. functional theory at random-phase approximati@alculations
nm) excitation wavelengths for the time-resolved resonance (TD(RPA)) to compute electronic transition energies. The DFT

E)?:Tsa?hgxpl?rrr:mzr:j. éogzalgscgyIQ::;qgec?nT:t;yfl\évvav?n usiie(ti:jo calculated vibrational frequencies likely have errors on the order
pump p 9 1quid ¢ several percent (25%)31:32

sample. Spectra were acquired with pungpobe time delays
of 0, 10, and 20 ns using an optical delay between the pump
and probe pulses. The transient resonance Raman spectr
obtained for 0, 10, and 20 ns were very similar to one another.  Our 309.1 nm pump excitation wavelength is very close to
The Raman scattered light was collected with reflective optics the 310 nm excitation used in two of the transient absorption
using a backscattering geometry and imaged through a polariza-experiment¥26and similar to ultraviolet excitation wavelengths
tion scrambler and entrance slit of a 0.5 m spectrograph. The (260—-300 nm) used in several of the other experimént?25
spectrograph grating dispersed the light onto a liquid nitrogen Thus, we expect to produce the diiodomethane photoproducts
cooled CCD mounted on the exit port of the spectrograph. The previously observed in the other photolysis experiments that
Raman signal was collected by the CCD for 3@DO0 s before have absorption bands385 and~570 nm16-22.24-26 Akesson
being read out to an interfaced PC computer. About 10 readoutsand co-worker® previously noted that their 56200 ps transient
were added together to obtain a resonance Raman spectrumabsorption spectrum of the diiodomethane photoproduct pro-
Pump only, probe only, and pursprobe transient Raman  duced from 310 nm excitation of diiodomethane in acetonitrile
spectra as well as a background scan were acquired. Knownsolution was very similar to transient absorption spectra found
Raman frequencies of the cyclohexane bands were used tofor nanosecond ultraviolet photolysis of diiodomethane in
calibrate the wavenumber shifts of the resonance Raman spectraacetonitrile?s in a 3-methylpentane matrix at 77 K,and in
The solvent and parent diiodomethane bands were removed fromargon/nitrogen matrices at 12%1°Our probe wavelength of
the pump-probe transient spectrum by subtracting an ap- 416.0 nm was chosen to be resonant on the red side 6388
propriately scaled probe only resonance Raman spectrum. Thenm transient absorption ba#¥d?224-26in order to acquire higher
pump only spectrum and background scan displayed no discern-signal-to-noise transient resonance Raman spectra (probe wave-
ible bands in the probe spectral region. lengths of 368.9 and 397.9 nm were also used and similar spectra
All of the density functional calculations were performed were obtained for the photoproduct but with less signal-to-noise).
using the Gaussian program suiteComplete geometry opti-  Figure 1 shows a typical 416.0 nm probe only Raman spectrum,
mization and vibrational frequency calculations were done 309.1 nm pump only spectrum in the probe wavelength region,
analytically using aCs symmetry constraint. The plane of a pump-probe Raman spectrum, and the resulting transient
symmetry contained the carbon and two iodine atoms. The resonance Raman spectrum of the diiodomethane photoproduct
double¢ plus valence polarization for | and the tripieplus (obtained by subtracting the probe only spectrum from the
valence polarization for carbon and hydrogen (DZVP-TZVP pump—probe spectrum). All the data presented in Figure 1 are
DFT basisj32 and Sadlej triplez plus valence polarization relative to the 416.0 nm probe laser. Figure 2 presents transient

Experiment and Calculations

gzesults and Discussion
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TABLE 1: Parameters for the Optimized Geometries
Computed from the B3LYP Density Functional Theory
Calculations for Iso-CHal,, CHal, and CH,l,™ Specied
B3LYP/DZVP-I,
parameter B3LYP/TZVP TzZVP-CH
IS0-CHul»
C—I; 1.957 1.979
I1—1, 3.042 3.073
> v 7 C—Hzand C-H, 1.091 1.083
= A C—l1—1, 118.2 119.1
2 " l,—C—Hzand k—C—Ha 119.1 118.9
()] w - w o5t Hz—C—I1—I, and H—C—1,—1, 90.0 90.0
= > 2z % B & iso-CDH
£ TS > > : CHalz*
S S S C—land G-I, 2.147 2.168
Y A C—Hsand G-H, 1.095 1.083
TiE ‘- l;—C—l, 97.36 97.65
CId 11—C—Ha, 11—C—Ha, 1,—C—Hs, 110.6 110.5
S and b—C—H,
I H3;—C—H, 115.2 116.0
. H;—C—Hs—1; 126.4 126.7
; H;—C—Hs—1; —126.4 —126.7
Rt . 11—C—1,—Ha 115.5 115.2
0 200 400 600 800 1000 1= ClomHa 1155 1152
CHyl
; -1 C-I 2.052 2.075
Raman Shift (cm™ ) C—Hy and G-H, 1.090 1.078
Figure 2. Transient resonance Raman spectra of the diiodomethane- |—C—H; and -C—H; 118.4 118.0
h, (CHal,) and diiodomethand; (CD.l,) photoproduct obtained using ~ Hi—C—H: 123.1 124.0
a 309.1 nm pump and 416.0 nm probe excitation wavelengths. The Hi—C—Haz—I 180.0 180.0

time delay between the pump and probe beams Wi ns. aBond lengths are in &ngstroms, and bond angles are in degrees.

resonance Raman spectra of the diiodomethane photoproduct N . .
formed from 309.1 nm excitation of diiodomethane and di- °Pserved for isodiidomomethane in low-temperature solid
iodomethane, in cyclohexane solution. The transient resonance matrices'®1° Furthermore, the isotopic shifts observed for the
Raman spectra shown in Figure 2 have most of their intensity '€S0nance Raman bands agree well with the isotopic shifts
in the fundamentals, overtones, and combination bands of threePredicted from the density functional theory calculations and
or four Franck-Condon active modes whose fundamentals are those reported for the infrared-@ stretch and Chiwag bands

at 701, 619, and 128 crfor diiodomethanédy, and 640, 496 (see Table 2}81°These results strongly indicate that th885
128 a’nd~1,10 et for diiodomethane,. ’ ’ nm absorption band of the diiodomethane photoproduct is

We have done density functional theory calculations to find 2ssociated with an isodiiodomethane (CH) photoproduct
the optimized geometries, vibrational frequencies, and electronic SPECiES. Figure 3 presents a schematic diagram of the structure
absorption transitions for the GH iso-CHl,, and CHl,* of the isodiiodomethane species.
species. Table 1 lists the parameters for the optimized geometries Table 3 shows the DFT computed charge distribution for the
of CHal, iso-CH;l,, and CHI,* found for the B3LYP density atoms (using Mulliken population analysis) in isodiiodomethane
functional theory calculations. Table 2 compares the experi- (i50-Chl2), diiodomethane (CH), iodomethyl radical (CH),
mental vibrational frequencies found from the transient reso- iodomethyl cation (CH*), and the diiodomethane cation
nance Raman spectra (this work) produced from ultraviolet (CHzl2"). Comparison of the charge distributions for isodi-
excitation of diiodomethane in cyclohexane solution and infrared iodomethane with the other species listed in Table 3 shows that
absorption spectt&!® obtained after ultraviolet excitation of  isodiiodomethane has a charge distribution significantly different
diiodomethane in low-temperature solid matrices with the from that of diiodomethane or dilodomethane cation along the
calculated B3LYP density functional theory results for iso- C—Ibond. However, the isodiiodomethane charge distribution
CHal,, CHolo™ and CH. Inspection of Table 2 shows that the for the C-1 bond is similar to that found for the iodomethyl
fundamental bands of the photoproduct observed in the reso-cation, which suggests that the carbon atom and thg Gatt
nance Raman spectra of Figure 2 have values that agree welPf isodiiodomethane has some cation character and a reactivity
with those predicted for the isodiiodomethane,@HI—1) similar to the iodomethyl cation. This may be part of the reason
molecule but not with either the GH™ radical cation or Ckl for the difficulty in assigning the species responsible for the
radical that have been proposed as photoproducts mainly~385 nm transient absorption band.
responsible for the~385 nm photoproduct absorption We have previously used B3LYP/3-21G* time-dependent
band16.17.26-2224.25Fgr example, the CHll radical has no low- random-phase (TD/RPA) calculations to estimate the electronic
frequency A vibrational mode in the 100130 cnt? region transition energies for the ultraviolet absorption spectra oficH
that is obviously associated with the photoproduct observed in and found reasonable agreement with the experimental spéctra.
the resonance Raman spectra of Figure 2. Similarly, thg £H Similar calculations with larger basis sets are presented in Table
radical cation has only one ;Amode in the 506800 cnr? 4 for the electronic absorption transitions of isodiiodomethane,
region while the photoproduct has a 701 dmode and a 619 CHyl,t and CHl. Examination of Table 4 shows that neither
cm~! mode that have combination bands with the 128 tm the CHl," radical cation or the CH radical have computed
band. The observed vibrational bands assigned to the nominalelectronic transitions in the 360150 nm region where the385
C—1 stretch §3) and CH wag (v5) fundamentals of the  nm experimental absorption band of the photoproduct of
photoproduct show excellent agreement with the infrared bandsdiiodomethane appear. Both the @41 radical cation and CH
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TABLE 2: Comparison of the Experimental Vibrational Frequencies (in cm™1) Found from the Transient Resonance Raman
Spectra (This Work) and Infrared Absorption Spectra (Refs 18 and 19) to the Calculated B3LYP Density Functional Theory
Vibrational Frequencies?

B3LYP/DZVP-I, resonance Raman infrared absorption
vibrational mode B3LYP/Sadlej TZVP TZVP-C,H (this work) (refs 18 and 19)

CHal =1 (CDal—1)
A" vy, CH sym str 3131 (2260) 3174 (2289) 3028 (2213)
v, CH, scissor 1340 (1011) 1384 (1037) 1373 (164D33)
v3, C—l str 755 (645) 733 (661) 701 (640) 714/705 (645)
v4, CHy wag 619 (476) 599 (460) 619 (496) 62811 (498-486)
vs, =1 str 128 (128) 127 (126) 128 (128)
ve, C—I—I bend 99 (93) 97 (92) ~110)
A" vy, CHz asym str 3281 (2451) 3326 (2486) 3151 (2378)
vg, CH, rock 865 (697) 888 (681)
vg, CHy twist 447 (318) 441 (314) 487 ? (352 7?)

CHal,"
A1 v1, CH sym str 3103 (2246) 3162 (2271)
v, CH; def 1365 (1003) 1414 (1031)
vs, Cl sym str 551 (522) 537 (511)
vs, ICl bend 114 (114) 113 (113)
B, vs, CH asym str 3220 (2401) 3286 (2431)
ve, CHp rock 755 (576) 784 (597)
Az v7, CHy twist 983 (696) 1003 (709)
B, vg, CH; wag 1080 (813) 1120 (838)
vg, Cl asym str 517 (490) 503 (480)
CHal

A1 vy, CH sym str 3126 (2252) 3174 (2285)
vy, CH, def 1309 (974) 1353 (1006)
v3, C—I str 614 (576) 609 (573)
By v4, CH; wag 234 (180) 166 (129)
B> vs, CH asym str 3288 (2457) 3335 (2494)
ve, CH, rock 832 (619) 855 (635)

aThe corresponding vibrational frequencies for deutrated isodiiodomethane are given in parenthessgBegth; sym= symmetric; asynm=
asymmetric; def= deformation;

nm absorption transients have similar dynamics and were
6 attributed to the same photoproduct species and it was suggested
that this species was probably isodiiodomethane. In low-
temperature matrices, excitation within either the 370 nm intense
absorption band~385 nm in liquids) or the 545 nm~(570
o ° nm in liquids) weak absorption bands leads to disappearance
@ of these absorption bands and an almost quantitative re-

Iso-diiodomethane formation for the parent diiodomethane molect#é® This
Figure 3. Schematic diagram of the optimized geometry of isodi- behavio_r and the very similar kinetics _of b9th of the transient
iodomethane with the atoms numbered as in Tables 1 and 3. absorption bands suggests that the isodiiodomethane photo-

. . roduct may be responsible for both of the885 and~570
radical have moderate strength absorption bands computed a}, yransjent absorption bands observed in the solution phase.

341 ano_l 316 nm, _respectively. One (or two) i_nten__se electronic We have done some additional DFT calculations to see if the
absorption transitions are calculated for the isodiiodomethane, ..\ . =20 nm absorption band can be assigned to an
(CHpl ) species in the 400 nm region, and.thls correlates electronic transition of isodiiodomethane. Table 4 shows that
reasonably well to the-385 nm Intense apsorpt_lon banql fr_o M some triplet-state electronic transitions in the 5800 nm

the photoproduct formed following ultraviolet “rgnlg §§§£3§'°“ region for isodiiodomethane appear to correlate well with the
of dilodomethane in condensed-phase environmeénts: . . .

Our present transient resonance Raman o_bser_yation of theiee)ilrgrIcr)rfletrr:tsc})vrw?/vr(]emwm(la?:kI?otisggigo?obigliu\gltt ?#é psrﬁﬁ;rt
photoproduct demonstrates clearly that the ISOd”Odomethaneelectronic tran)gitions for the GHradical and CHl," cation

species is mostly responsible for the385 nm transient . . . .
absorption band observed after ultraviolet excitation of di- readily and these species could also have triplet-state transitions

iodomethane in liquid solutions (at least on the ns time scale), N the 5506-600 nm region. We also note that errors for the
and this is consistent with the DFT calculated electronic PFT TD (RPA) electronic transitions energies can be somewhat

transition energies for isodiiodomethane. large, and this makes it difficult to make accurate assignments.
Several experimental results suggest that the same specie§0r example, Bauernschmitt and Alri¢hsound the B3LYP/
may be responsible for both the intense 385 nm and weaker TD(RPA) calculations gave results consistently 0.5 eV below
570 nm transient absorption bands. It is interesting to note thatthe experimental values for systems they examined while we
the kinetics associated with the ultrafast transient absorptionfound errors of about 0.15 to 0.3 eV for the ultraviolet transitions
experiments done with a 620 nm probe waveleffgind a 310 of CHal2.34 If the errors are fairly large for isodiiodomethane,
nm probe waveleng®h are very similar to one another, which  then an alternative assignment could be the calculated,CH
suggests they may be observing different transitions of the same752 nm absorption to the experimental 570 nm absorption band
photoproduct. Similarly, the most recent ultrafast transient and the isodiiodomethane 517 nm triplet transition to-#385
absorption experimeri&show that both the-400 and~570 nm experimental absorption band. However, we do not consider
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TABLE 3: Charge Distributions for Isodiiodomethane (iso-CHal,), Diiodomethane (CHl,), lodomethyl Radical (CHyl),
lodomethyl Cation (CH,l*), and the Diiodomethane Cation (CHI,") Computed from Density Functional Theory (B3LYP/Sadlej
TZVP) Calculations?

isodiiodomethane (iso-Cith)

diiodomethane (ChHl,) iodomethyl radical (CHl)  diiodomethane cation (Cib™)
atom total atomic charge  atom total atomic charge atom total atomic charge = atom

iodomethyl cation (CH ™)

total atomic charge ~ atom total atomic charge

C 0.82 C —0.80 C 0.73 C 0.12 C 0.76
I 0.82 | 0.30 | 0.47 | 0.83 | 1.05
I —0.26 | 0.30 H —0.60 | 0.83 H —0.40
H3 —0.69 H 0.10 H —0.60 H —0.39 H —0.40
Hy —0.69 H 0.10 H —0.39

@The computed total atomic charges are listed for each atom.

TABLE 4: Electronic Absorption Transition Energies
Obtained from Density Functional Theory Calculations for
I1S0-CHol 5, CH2|2+, and CH,l2

electronic absorption transition energies (nm)
URPA//UB3LYP/Sadlej URPA//UB3LYP/DZVP-I,

is broken after the wave packet leaves the Frar@&ndon
region of the excited-state surface. The solution-phase resonance
Raman spectra display significant intensity in theC—I
antisymmetric stretch fundamental, odd overtones, and/or
combination bands of the fundamental with other modes that

molecule TZVP TZVP-C,H are not present in the corresponding gas-phase resonance Raman
i50-Chbl, triplet transitions spectra?®> 3" Resonance Raman intensity analysis of the solution-
551 (0.0) 573 (0.0) phase spectra reveals that the twe-ICbonds lengthen by
517(0.0) 544 (0.0) substantially different amounts (e.g., one much faster than the
22‘6‘ (8-8) 322 (8-8) other) accompanied by a decrease in th€+1 and H-C—H
316 go'og 321 E0.0; angles and a largerHIC—H angle. The two &1 bonds are not
singlet transitions ' equivalent in the solution phase, and the solvent environment
443 (0.0002) 463 (0.0003) at the time of photoexcitation appears to choose which of the
425 (0.4023) 437 (0.2690) two C—I bonds will be cleaved (and likely collide with the
‘2103 (0-0773) ‘2‘23 (0-2651) solvent cage first). This solvent-induced symmetry breaking
84 (0.0002) 90 (0.0001) during the initial stages following photoexcitation is likely
280 (0.0230) 271 (0.0659) . . . . o
208 (0.0671) 191 (0.0044) |mp0rtant to SOlvaUOn Openlng -Up the-.ph0t0|50mer|-zat|0n
CHalo* 2648 (0.1250) 3856 (0.1321) pathway for the ultraviolet excitation of diiodomethane in the
1004 (0.0003) 1060 (0.0003) solution phase. For example, if the initial dynamics were similar
753 (0.0000) 777 (0.0000) to that found for the gas phase, then botkI®onds would
341 (0.0003) 344 (0.0005) likely collide with the solvent cage at almost the same time
CHjl 316 (0.0001) 311 (0.0002) A . ; : Al
262 (0.0001) 254 (0.0000) with similar energetics. This would probably give similar

216 (0.0009)

210 (0.0001)

recombination dynamics for both-@ bonds and would not be

likely to form significant amounts of isodiiodomethane. On the
other hand, the solvent-induced symmetry breaking would
this alternative assignment to be likely for the following reasons. primarily lead to one iodine atom colliding with the solvent
First, the experimentat385 nm absorption band is very strong ~ cage first and recombination of the @tand | fragments within
and unlikely to be associated with a triplet transition that would the solvent cage would lead to isodiiodomethane {CH) or
be expected to be weak. Second, two different species wouldthe parent molecule. The latest femtosecond experiments by
be unlikely to give almost identical disappearance of both bands Akesson and co-workefsprovide support for this hypothesis
to re-form the parent diiodomethane molecule following excita- and are consistent with the FraneRondon region dynamics
tion of either absorption barid1® Further work using direct ~ we previously found from resonance Raman experim&rits.
experimental probes of the 570 nm transition and/or more The sharper 350 nm subband (probably due toIQithoto-
sophisticated theory and computations are needed unambigufroduct) appearance at0.5 ps in their transient absorption
ously to assign the species responsible for the 570 nm transienspectra is somewhat earlier than thé ps appearance of the
absorption observed following ultraviolet excitation of di- isodiiodomethane photoproduct absorptio885 nm?2® This
iodomethane in the solution phase. suggests that the isodiiodomethane photosiomerization results
Since we have clearly identified isodiiodomethane as the from recombination of CH and | within the solvent cage. Thus,
photoproduct species primarily responsible for th885 nm solvation is probably responsible for the photoisomerization
transient absorption (at least on the ns time scale), we can nowprocess and this is consistent with the lack of a corresponding
obtain a clearer general picture of the solution-phase dynamicsphotoisomerization in the gas phase where only the direct
and associated photochemistry following ultraviolet excitation photodissociation of diiodomethane into g@Hand iodine
of diiodomethane. The initial reaction coordinate following fragments is observed following ultraviolet excitation of
ultraviolet excitation (in the 336360 nm region) of di-  diilodomethané: 101315 After interaction with the solvent cage
iodomethane has been characterized with resonance Ramait appears that the isodiiodomethane photoproduct undergoes
investigations in both the g&s3° and solution phase®$:3’ vibrational relaxation of a 10 ps time scdfeMuch work
Excitation within the first absorption band for gas-phase remains to be done in order to better understand the details of
diiodomethane results in both-@ bonds lengthening to the  the formation of the isodiiodomethane and £photoproducts
same degree accompanied by theCHI angle decreasing, a  formed from ultraviolet excitation of diiodomethane in liquid
larger H-C—1 angle, and a smaller HC—H angle in the solutions. We note that our present work only clearly identifies
Franck-Condon regior¥’ In the gas phase, the two-Cbonds the isodiiodomethane photoproduct on the nanosecond time scale
appear equivalent to one another in the FranCkndon region, and suggests that the mechanism of Ake&sisrcorrect insofar
which indicates that the molecule determines whichl Gond as the transient absorptierB85 nm on the ultrafast time scales

aCalculated transition oscillator strengths are in parentheses.
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