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E&r since It was disrxvemd that both slrglet, and triplet states of allphatic ketones 

participate in Type II photoeliminat.icn processes (11, there has been speculation abmt the 

relative reactlvlties of the two excited states. In the cwl&lal report of polar solvent 

effects on photoelimination (2), one experiment was described which Indicated that ~-butyl 

alcohol enhances the quantunefficiency ofailythetrlpliztstateof 2-octanone. Ewltrop 

and Coyle haverecently conf%med this effect &three aliphatic ketones cantmprdnwy, 

secordary,arxltertlary Y C-Hborrds (3). 'l'hlspaperdescrlbessaneresultsuHlchfbrther 

differentiate between the behavior of excited slnglets arid trlplets. 

In the experiments to be described, degassed solutions 0.4 M In 2huuuwna or 4+&anons 

were irradiated at 3130 51 arrl 25' on a merry-go-- apparatus. Yields of pwduct fonsatlon 

were detenriLned by vpc analysis. @antwn yields were measwed by parallel lrr&%.atlon of 

pentsne solutions containing 0.8 M acetone and 0.2 M cls-1,3-pentadiene. - 'Ihe quantun yield 

of the sensitized cls-to-trsns lsanerizatlon was taken as 0.555 (4). -- 

Since 4-octanone contains both a prlnrary and a secondary y site, the relative yields of 

2-pentanone and of 2-hexanone obtained upon irradlatlon provide a measure of the selectivity 

of the ketone's excited states under a variety of coniltlons. l'&ble I lists the qusntum yields 

of these two products which were measured ln both hexsns ard t_butyl alcohol solvents tith and 

without added triplet quenchers. M product peaks CorreSIxxxilng lrlretent1ontlmet0the 

expected cyclobutanols were observed on the vpc traces of the irradiated ssnples. Itough esti- 

mates of the quantlpn yields of their ap pearance are also Included ln Table I. Four of the 

experiments were run with sn excess of triplet quencher oresent. In each, the same quantwn 

yields of product formation and the ssme product ratio, within experimental error, were observed. 

The following facts can be concluded fran the results in Table I. 

Singlet state: (1) Inhexane, 30% of the total photoelimlnationcunes frcelthe sl@et 
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x&vwr 

Nl + 2 M dlmolC 

)t +6MNc1 

dichlos#thylm 

_t+lty1 alcohol 

11 +2Mdlenolc 

2-pentaronea 

0.164 

.044 

.048 

A49 

.232 

.042 

2+!xlmnea 

0.0106 

00037 

.0041 

.0X7 

.0034 

cEib 2-P/2-H 

0.035 15.5 

A054 12.0 

.0055 

.007 12.0 

.043 18.3 

12.4 

aqusrmyields*5%. bra\ghestimatcs.~cn~ofvpcpeslcspreetolsdtobecyc~ 

butamls,alxumcy~* 25% c2,4-hexa&emlsb~ sam Wt, therefcm qusntusylelds 

mybslou. dE&rgletrsactlon~ltlsedbyl~hylnaphthalene. 

s&e. (2) Inhexrm,t~latloofphotoellminatianFaoductsresult~ frasatbckcnsecaS 

aryvhrau8~N Is l2:linthe slr@et state. (3) EothtbsquamtmefflclencyarXl 

theselectlvltyofthe sirglet stateareunl?4fmtedbyt_~tylalcohol. 

Wlplet state: (1) Inhexane,7Mofthe totalphotoellndmt1cncas?s fmnths trlplet 

state. (2) In hexam, ths seco&Ary/pr~ seleatlvity of the triplet state Is 17:l. (3) In 

_&-butylalccbl, the selectivity rises to 2O:lamlthc quantwnefflciemy of the triplet state 

Is imrewed by 67%. 

In summry, the triplet stats of 4-octanonedlffers inatleasttworespects fFanthe 

sltqlet: (1) It shmm a wter selectlvlty even In bert solvents, atd (2) both its sebct- 

lvltyard quantunefflclemyarealtered byapolaraolvent. 

It iswx-thnotethatths intmmolecular sec~/~ selectlvltydlsplayedbyboth 

excited states of 4+ctarme is higherthsnnr4+havebenvedicted franstrdles of 2-pen- 

tsnImeti2e (5). The gasphasebhatim ofLoctarrmealso Mlcates ahlgh select- 

ivity (6). The fact that the sirglet state selsctlvlty Is less than that of the triplet state 

is ccmslstent withthe smaller deuta%mlsotcpe effect reported for the s-et state of 2- 

.hexan&5-d (7). The smiler appment yield of cycllsatlon FppaUCts fran the slqlet state 

ccllpared to the triplet Is also ccmslatent with prevlcus studies (7). 

TsbliH Canteinstbequslltunfleldsofacetu3e otkaimdRpla~iatlalof- 
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SOLVEXC acetone 
a 2-hexanol 

hexane 

hexsne t 414 isoprene 

hexane t 0.38 M 6u@H 

hexsne t 0.38 M Bu$tiI 

&-butyl alcohol 

0.22 (0.25) 0 

0.08 (0.10) 0 

0.12 0.29 

t 4M isopmme 0.07 0 

0.37 0 

t-butyl alcohol t 414 isoprene 0.08 0 

aValues lri parentheses are those reported in ref. 7. 

under various corditions. Again, substitution of k-butyl alcohol for hexane as solvent doubles 

the quantum yield of triplet state photoelimination but has no effect on the singlet yield. 

The intersystem crossing yield of 2-hexsnone Is 0.60, so that half the triplet state m-de-s 

photoelimination in t,-butyl alcohol. Addition of tri-n_butylstanmne produces only a slight de- 

crease in sir@et state yield but a substantial decrease In the triplet yield. The decrease in 

triplet state photoelimination Is attended by formation of the photoreduction prcduct 2-hexanol 

(8). It Is very significant that no photoreduction takes place frun the sin&let state and that 

the amount which takes place from the triplet is double the amount of triplet photoelimination 

which takes place in the absence of the stannane. The latter phenamnon Is another manifestation 

of the low efficiency inherent in photoelimination processes (9). 

The polar solvent effects on triplet state photoelimination most likely reflect solvation of 

a reasonably long-lived hydroxybiradical intexmediate (10). The lack of such solvent effects on 

singlet state photoelimination irdfcates either (1) that no such biradical Intermediate is in- 

volved or (2) that any biradlcal intermediate is extremely short-lived. The law selectivity 

of the singlet cmed to the triplet indicates that either (1) the singlet state Is sanewhat 

more reactive, if both states react by simple hydrc@n abstraction to yield a biradlcal, or (2) 
. 

the singlet state reacts by another, probably concerted, mechanism. Previously estimated rate 

constants for triplet state photoelimination (5) and photoreduction by stannsne (8) swsted 

that the two processes should be competitive, as has now been observed. S-let state photore- 

duction is so slow that it does not conpete with photoelimination or with Intersystem cmssinp. 

If the rate of intersystem crossing of 2-hexanone is the same as that of acetone, mourd 2 x 108 

set-1 (8, ll), the rate of Its singlet state photoelimination is 0.3-1.3 x lo8 set-l. Yq also 

has eSLin&ed that the value lies near 10 8 set -' (12). Since at least half the triplets of 2_ 
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hexsnone react, the minimm rate constant for triplet state reaction is 5 x lo* set -' (5), a 

sanarhat larger value than Yang estimated (12). More exact values cannot be assigned because 

the extent to which the singlet ard triplet state photoeliminations of aliphatic ketones involve 

reversible processes is not yet known. In any event, it is probable th?t the triplet state re- 

action is 3-10 times more rapid than the sixlet state reaction, a conclusion which Wettack arxj 

Noyes have also reached (13). If singlet state photoelimination does proceai by hydrogen atom 

abstraction to yield a 1;4-biradical, it is rermr&ble that the singlet state reaction is both 

slower and less selective than the triplet state reaction and even more remwkable that the intra- 

moleculsr/inter.molecular hydrogen abstraction ccanpetition should be so different for the two 

states. All these facts taken together sugf;cst that photoelimination occurs by different 

mechanisms in the singlet and triplet manifolds. 
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