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I. Photostationary 3tate s of Fiperylene. A) Abstract. 

In the presence of many compounds capable of forming 

triplets of energy equal to and somevvhat above its o:m first 

triplet, piperylene can be made to isomerize under UV light. 

Plotting the ratio of cis to trans isomers at the photostationary 

state against the tri plet energy of the sensitizer gives a 

definite curve which may be interpreted t heo r etically. 

B) Theory. 

The cis-trans isoffierization of olefins under the influence 

of excited sensitizers has been used to study the mechanisms 

for energy transfer and the configurations of the excited 

olefins. In this system the sensiti~er used ±s usually a 

conjugated or aromatic carbonyl comp ound, for these have a 

high probability of intersystem crossin6 after absorption of 

of the appropriate light quantum, and hence read ily 3ive the 

long-lived triplets. 'lBuch a two component system allows a 

much more efficient production of olefin triplets t han by 

direct absorption. 

The data presented here are a part of the experimental 

evidence tha t now permits t he formula tion of a theory for 

the sensit i zed excitation .md isom.eriza tion of cis-trans 

isomers. In the general model, the excited states of the cis 

and trans isomers are expected to be different. If the energy (E) •. t 
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of the excited sensitizer (8* ) is considerably l a r ger t han the 

enerlies of either of the excited substrates (s*), tha t is, 

i.fl the r eaction 

.S* + s --+ S + s* 

is substantially exothermic, t hen the transfer i s expe c t ed to 

be non-ffilective toward either isomer. Nhether the excited 

subs tra t e triple t for the ci s and t r a u.s i s the same or dif ferent , 

the defini te 1n:obabi : ~L .;ies of ':e cay to ei t be:c cis or tran : 

ground state thus ;ive rise t o a II natural :.ie cuy ra tiof-" v1hen 

b i 6h ener6y sens i tizers are used . As E~ of the sensitizer 
L, 

approaches t hat of the more ener6e t; ic subs trate triple;, certain 

selective phenomena, bet t er defined in the 1,2 diphenyl propene 

system than in the piperylene system , are observed . In the 

di phenyl propene s ystem, to which the f ollowin;~~ interpretation 

is directed, these include (a) an inflection point , followed 

by two maxima and a minimum in the p l ot of the ratio of cis to 

trans isomers at photostationary state, and (b) a sururising 

sensitization by compounds wh ose Et is lower than the observed 

spectroscopic transitions of e ither of the substrate isomers. 

'ro explain this pattern , whose outline at least appears in all 

t t e systems investigated , it has been postulated tha t excitat ion 

may occur by non-Franck-Condon processes. In particular, it 

ap pears that there are three excited forms of t he substrate , 

the nci :J triplet,!! and 11 trans triplet", and a 11 phantom triplet" 

1Nhos e confi,; uation is unlike either of the ochers. A direct 

promotion of either isomer from its ground state to the phantom, 

which has a lower energy than either of t he other excited forms , 

would explain the fairly eff icient endothermic trans fer observed 
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in the stilbenes and the d i phenyl propenes. 

rhe inflection point and the two 1naxi ma pr obably reflec t 

first t;he disappearance of the reaction 

S* + C --)~ S + c* (c = cis iso~er) (2) 

and then the maxima in the rates of energy transfer to the 

lower energy trans substrat e while the reaction 

8* I- C s + p 

is fairly constantly exotnermic. 

( p ~ phantom triplet; (3) 

That is, once the E. of the 
"G 

sensitizer is i nsu~ficient to eff ect reaction (2), isomerization 

will oc cur by fox~ation of p from either is omer or by formation 

oft*, the excited trans t riplet, T~is woulu reas onably be 

expe cted to lead to a higher plateau region tMX:k on the z;raph 

just below the spectroscopic trans ition of the cis isomer. And 

indeed this explanation is corroborated in the di phenyl propene 

s ystem, where the transition is observed near t he inflretion point. 

That the subsequent Kaxima are due to selective f actors in 

transfer to the trans isomer i s a lso corroborated, for the 

energy difference between the two maxi ma fits ap :)roximately in 

t he vibronic progre ss ion of a we ak carbon-carbon bond. 

The evidenc e for t hi s t heory is les s c omplete in the 

piperylene system. 

C) Experimental. 

All solutions were in benzene and contained 0.2 ~ cis or 

trans piperylene and enou3h sens itizer to absorb a ll of the 

incident li;bt at their absorption maxima. ihe s olutions were 

degassei t uree times to l ess t han 2 x 10-3 ~ mm Hg, sealed in 

pyrex tubes, and photolyzed a t 29-32 de gre es C. with the 450 w. 

urv lamp in the "merry-go-round ." 



13otb ci s and t rans pipezyltme were purified on the 

Beckman 11 r:!e i;achrome O by N. I'urro. Benzene was reagent ~srade 

washed t hree time s with sulfuric acid and distilled. Sensitizers 

were employed as available. 

&nalysis of the pho t olyzed solution proce eded on the 

Loenco VPC. A single 9 ' G0-11-0 s ilver ni trate -~~-oxy.·J. ipropioni trile 

column at room te mt)erature car.:cied the burden of the s eparations 

except samples 1 to 20. 'Ihe s e were run on varyin.:; columns 

before 23 J uly. Change in concentration of t he sensitizer 

through decomposition and re action was follo wed by nuv analysi::i" 

on the Beckman DU spectrophotometer. A rou6h tab couli be 

kept on the piperylene by dividing tota l area under both peaks 

by microliters injected. However, the variable s involved in 

these numbers permitted only a crude estimation of the change 

in piperylene concentration. 

D) Errors and Uncertainties. 

Under ideal invariant conditions ca lcula tions of percentage 

trans isomer is CON :3ISI1:3::..:, .r to ::1:. O. 5%. However, unsteady base 

lines, i mpurities just before the trans peak, and e specially 

dif f erent columns increase this fi ; ure. ?he latter can ffiake 

a diff erence of several percent. (see naphthy l :Jhenyl ke tone) 

'.L'he ACCU.R;.~cy of the percentage value is uncertain and remains to 

be calibrated with known p iperylene mixture s . Another source of 

error stems from the met hod of c a lculating area s . Impuritie s 

before the trans peak le ave a choice i n the way t he base line is 

~o be drawn . kethod ( a ) was adopted consistently, 

ci.S kal\5 _ . 

1 r . pv-r•t 11 JJl('w 
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that is, the area was taken as the product of peak hei3ht times 

half- width. 

It is to be noted especially t bat the scatter of high energy 

points on Graph I is in lar3e 5easure due to the use of different 

VFC columns. New sensi ti:1,;ing ·products may also be involved. 

E.) Results. 

In the p i per ylene system, insuf f icient data were collected 

to documgfit~tflJe~Ime 9henomena as in the diphenyl propenes and 

the stilbenes. ~here are just not enouih sensitizers available 

to define the curve exactly. However, t here do se em to be 2 

maxima and perhaps an inflection point (see Granh I ) . ·.L'hus the 

piperylene data do supnort the t heory. 

']:able I and Graph I sumr:i ariize all pertinent information on 

those sensitizers ~hich ~ave 300d photostationary value s and ~hose 

t;riplet energies are known. Only ethyl pyruvate and duro-

quinone • have uncertain 2£ ... trans coordinates . In the former 

the consumpt ion of the substrate i s very hi€~h . In the latter 

t here is also consumption, presumably a J i e ls-Al der adduct i s 

formed. Eince such a product would probably be a sensi tizer 

too, :i.t i s unclear whe t her the Et coord i na t e o l: -~ _1,:3 dur o,:i_uinone 

point reflect s only duroquinone sensiti~3ation . Very short 

exr; osure experiments mi zz;ht clarify whether isomerization proceeds 

faster t han addition. 

Note t hat there i s an indication of a shoul der on the 

curve near 59 kcal, and another dip near 61 kcal. ·:rhese Llay or mw not 

be artifacts . 1 11 endeavors to enrigh the lower energy portion 

of the gr aph wi th a few more points failed . Benzanthrone, 

3-a cetopyrene, and 9- anthr a l dehyde, with :ltnovm triplets in the 

50 kcal ran-7 e Cl ? failed t o ;;i ve photostationary s tates, al though 
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all were inef f icient sens itizers. £he fi ~ure s ava ilable (see 

Table II) sug3est that t he photostationary state s mi Jht be 

ap ·.· roxinately: acetooyrene -55%, benzanthrone-r55%, anthraldehyde-b0%. 

In a separate ex-~) er-imen t to determine the rc{We of the photo­

stationary values for an thraldehyde and J.ibenzal acetone, known 

mixtures of cis and trans p i perylene were prepared; Fhotolysis 

for 2% hours produceJ a lteration i n the cis-trans ratio just 

over chG experiment al error ( see l1able ~: rr). i'hese figures 

must be regarded as in~onclusive. 

Another serie s of low energy ketones (Table II) contains 

comoounds with direct con jugation of the carbonyl group 1,vi th 

a double bond. r-rhese compounds are thou6ht to have quite low 

triplet ener1j ies, hence the very poor sensitization properties. 

This explanation i s in a3reement with the fact that mesityl 

oxide quenches the triplets of k ichler ' s ketone without 

~en3itizin3 siJ nificantly the piperylea e isomerization. But 

note that the conju3ated ketone , Denzal acetophenone 3ives a 

• l ' .,_ -1- • 1 ~ 5 5 '+··, n ice p1o~ os~a u1onar y va ue or . - ~ . An explana t ion for t he 

"inertness" of rnesityl ox ide and pho:.cone mi,3ht be rapid internal 

reaction of t he tri plet to ~ive t he encl fo r m of either of these 

c orLp ounds. ,ro tes t; thif:, i:1.ea it has been proposeJ. t o i!Ja tel-: f or 

s uch a process with deut e£o-ethano l . 

The simp le cycl ic ke tones , whos e triplet energi es are not 

certa in bu t undoubt edly high, :~ive vahH:.~s r ea r3onably cons i stent 

'Ni t h the s trai:.;llt part of the eurve . 'l'hey s e em disconcertinc:;ly 

hi gh, however . 

','for k on s ome interest in::; non-c arbonyl comp ounds was be3un 

nea r the e.nd of t he ten we eks' tenure . Crable II) J:he bromo­

and iodo-napht hylenes, havi n3 ab s orption peaks nea r t he cut off 
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point of pyrex, were r un i n quartz tube s . All of ~~es e c omn ounds 
C • 

s howed decompos ition; a l l of t hem sensit ized the p i perylene 

i s ome r i ca t i on . Of the s ubstituted naph t hyl enes , the 1-nitro­

der i vi t ive gave a 300J phot os t at i onar y va l ue in 13 hours with 

no s i gnifican t cons ump t ion of ol efin. S'ince t his and a nuriber 

of other nitro- and amino-napht hylenes have Et va lue s in t he 

critica l and interes ting range of 50 to 58 kcal, it will be 

vrnrth 'Nhile to inves tigate thi s series. ·.L
1he halo-naphthy l enes 

decomposed s i gnificantly and caused disappear ance of pipery lene . 

~ith more c arefully timed exposure, good photosta tionary s tates 

s hould be in reach, h,()we"\J'"er. 

Of the number of low energy sens :L tizers t ha t seem to be 

capable of tran sferring energy to the olefin, not a s ing l e one 

is beyond some doubt. All show s i gnificant consumption of the 

ol ef i n or f orma tion of some new a bsorbinz; product. If any of 

t hese photosta tionary va lue s could be trus ted , t her e would be 

a fi ne docmnentation of transfer to the hypothe t ic a l 11 phantom 11 

of lower energy than ei t rier cis or trans triplet s . Duroquinone , 

benaal acetophenone , and especia lly dibromoanthracene are likely 

c ontenders wbich should be investigated furt her with short­

exposure mea surements. 

In conclus ion, t he dat a pre s ented here on the piperylene 

s ys tem, a s far a s t hey go, do corrobora te the t he ory. 
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II. The Effect of Solvent of Photostationary States of Piperylene. 

A) Introduction. 

Non-quenchin~ solvent is ex ~ected to have no influence on 

photosta tionary mixtures according to the scheme proposed. ~o 

test this expectation, a representative s~nsitizer was photolyzed 

with piperylene in polar, a romatic, viscous, and hydrocarbon 

solvents. 

B) Experimental Results. 

The stable sensitizer, 2-ace t ona phthone wa s chosen as the 

representative sensitizer. Solutions WHXR 0.25 K or saturated 

(isopentane, ethy lene glycol, mineral oil ) were prepared and 

5 ml of eac~:~iluted with 5 ml 1.0 N piperylene i~. benzene to 

25 ml. The samples were de gas s ed three times, sealed, and then 

exposed for ¼, 1, and 2L.J- hours in the 11 .merr y-00-round. 11 
t1 .. ll 

t he samples were analyzed on a 10' pure 11
~~

11 column, except where 

noted otherwise (rable IV) . Analysi s proved ex trenely dif f icult 

because of evaporation of ~he lo ~ boilin3 solvents and t he slow 

injection time of the viscous ones. On t he column used, which 

se parates olefins poorly , t he cis and trans peaks were s harp 

':.1.nd run together. In the c ;,;;.ses v1he i~e half-wia.t·'. :, s coul:l no t 

be calculated , peak hei3hts were used. It i s cle ar fr om the 

data t hat t hese are consistently several percent~o hi~h. The 

accuracy and c onsistency of t he fi3ures leave s much t o be de s ired, 

due to the J if.f icu l ty in obtainin_1; g ood tra c i n.5s. Yet sme 

trends are very clear. .Exceptin,~ Ethyl ene tj l ycol and mine r a l oil, 

t he ohotos t a tionary sta te s appear to be unaffected by s olvent . 

i:"he rate, too , as shown roughly b~ t he }!- and 1 hour fj_,~ure s , doe s 

not vary s i 3nificantly, a_:;ain Gxcep tin0 ::;he t wo v j.m:ius s ol vents . 

I s oc ent ane i s anomalous in it s r a te pr obably bec r:J.Use the ori_:;ina l 
s ol ut i on of Be ~si t izer ·1a3 sat i r a ted a t a conc entration 
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considerably below 0 .25 L . ~he t wo viscous solvents offer 

several r i ddles tat should be investigated. First i s the 

photostationary value for botD, which is mani f estly too low. 

Then, in ethylene glycol, both piperylene and sensitizer are 

cons umed. ~ ineral oil n ot be i n ~ rolub le in methafuol, a UV 

analysis was not attempted . .1:he area under the piperylene 

oeaks is roughly half t hat of the other sol vent s ,though. One 

partial explanation of the low photostationary values and a pparent 

piperylene consumpt ion hinges on the viscous nature of t~ese 

solvents. Since upon injection into the V?C these solvents are 

not vaporized, the volatile piperylene will be removed from 

then relatively slo ,rvly. Such a partially delayed release of 

olefin at the head of the column would tend to smear the peaks 

over a longer time an, c r1ar t length. And indeed t h is effect is 

observed as an extended "tail" sweepinl; behind t he ci s p e ak . 

~ha t s uch a ohenomenon would eff ect an apparent increase in ,_ 

cis is palpable. it is clear from t he data from the other colUJnn 

(see Table) that at least a large percenta~e of the observed 

anomaly is an artifact of t he column . 

C) Conclusions. 

Although the data are mediocre a t best, t hey do imply a 

lack of solvent dependency in the piperylene system as expected. 
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III. Decomposition of .Finacalone under Ultraviolet Light. 

A) Abstract. 

Under the same conditions as in other photostationary 

studies, a solution of pinacalone and piperylene in benzene 

is found to undergo drastic changes after severa l hours exposure. 

~he piperylene is observed t o disappear completely , and at least 

t i:rn new peaks corr espondi n;_; to low boilin .. ~ com{.' OUnd 3 ap ··) ear on 

the 'iTPC trace. Infra-red spectra in general sho ·tJ close sirnilari ties 

to, but als o s ome dlfference s from , isobuta~e and isobuterie . 

Carbon monoxide is detectable i n evolved gas es and a cetaldehyde 

"l. s almos t certa inly c::,lso present . Dist i llation of reaction mi:xl:u:be 

shows cons iderable quantities of hi~h boilin ~ oils . A free 

radic a l re act ion is definite ly imnlicated . 

B.) Expe rimental re sults. 

The photolysis of s i mple ketone s in vapor phas e has be en 

well documented since 1935 . .i.:hat decompositions involving free 

radicals as int;ermediates occur in solution is also known. 1 , 2 , 3 

The surpris i ng aspect of the case of pinaca lone is the apparently 

high quantum yield . It is imperative that a careful study of 

quantum yie lds be made . The sirnple:t of a l l possible esti1:mtes, 
.L. 

of course , is to measure the disappear ance of pinacalone itseff . 

'l'his -;i,ras not tried for lack of tin,.e . On the VFC (~-A6N03) the 

pinacalone peak c omes out after about 45 minutes at room temperature . 

A slightly elevated temperature would s harpen the peak to make 

it quantitatively measurable . ~lthough UV analysis of the original 

pinacalone-pipery lene mi xture proved i mposs ible because of new 

highly- absorbin:,:; products , the same proced.ure applied to photo-

ly 7 ed pinacalone in benzene should yield some information. I1he 
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knowledge gained so far stems from analyses of ampu les of p inacalone­

piperylene and pinacalone so lutions, and from the analysis of 

a half liter m p inacalone-p iperylene pot photolyzed in a 250 w. 

quartz immersion reactor (no filter). 'J:he state of knowledge 

is summarized most conveniently by simply listing probable 

events and evidence. 

(1) Finacalone itself decompose s in benzene solution by x free 

radical intermediates J iving at least two major gaseous products. 

3vidence: Piperylene disappears at an accelerated rate (7 hours 

a n-l 12 hours: no s i gnificant consumption; 22 hours: 100% 

consumpt ion. Data from in~mersion reactor,) High boilin~,I; oils 

are formed. ihe piperylene in solution does not aff ect the 

appearance of the two new peaks. 

(2) Pinacalone splits according to the followin3 reaction: 

St\-, ~ ~1 ~ W 
C{l7,-e -~-Cit~ ~ C\l,,- r,. +- ct.l""-c.." 

&,1 c.~ .. 
The fairly lon6-lived !-butyl radicals undergo disproportionation 

as the major reaction, 3ivin3 isobutane and isobutene. ~he 

acyl radicals can abstract a hydrogen from some methyl or 

methylene group to 3ive acetaldehyde or can initiate polymerization. 

Since they are much shorter-lived than the t-butyl radicals, 

carbon monoxide may split out , leaving the methyl radical to 

increase the number of possible species. 

Evidence: f he I R spectra of the two peaks are s imilar to the 

va];rr phase spectra of isobutane and isobutene ,~j_ven in the 

literature. Clearly there is one olefin and one saturated 

_hydrocarbon. J.'he first fraction of the distillation of products 

from the "pot" smells exactly like acetaldehyde . .ooth saturated 

and unsaturated carbonyl absorption peaks appear in the IR spectra 

of the oils fr om the distillation. Carbon monoxide is observed 
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in the spectrum of evolved 6as collected over silicone oil, as 

is an aldehyde, presuGably acetaldehyde. 

C.) Conclusion~ 

Collectin~ the evolved reaction product s on a larger scale 

on the !! fo~egachrome" WOLil d give enough material for runr spectra, 

which should corroborate thE: IR spectra. Isobutane and iso­

butene knowns would help great ly in the positive i dentification 

of the reaction products. ( Unfortunately these were not available) 

A sure-fire say to determine quantum yields for the photolysis 

would throw the problem into high relief. 

I vvould like to express my appreciation to those 1.•1ho have 

offered me needed help and who have studiously ;lossed over the 

many stupidities of one form or ano the r that an i z;norant 

person ,loatne to show his i 3norance , has c ommitted . I am 

especially indebted to N. 1urro for his guidance. 



. TABLE I 

Information on the sensitizers plottedon Graph. 

Noto t he followi.nz abbreviations: 

n a 
;r 

9A 
mono 9B 

'!I)- lA 
•none l.B 

dohyde ~ A 
6B 

16A 
16B 

33A 
one 33B 

5,, .. 
53 
10A 
lOB 

38A 
38B -

eto- 2A 
hthone 2B 

2A 

phthil JOA 
JOB 
35A 
.)
,,~,~ 

\ .~ ... 

J5A 
.35B 

Phth- JA 
ehyde J 3 

J9A 

sens. = sensitizer; l !f: = number of sample; hrs. photo. = hours p11otolyzed; 
area = total a:rea under both £i[ and trans peaks; % t = percent ~; 
BAV ; t = ::.-.est average value of percent tr,:ms; E.1. = triplet enerey 
of sensitizer; cons. of sens.= consumption of se~sitizer; abs. prod= 
absorbing products 

BAV 
Eb hrs. filter area "0 t 1t cons. or Comments I I t photo. sens. 

24 (c) lL!-8 _511-.6 54.0 73.9 40 
I 

n n 148 53.4 
n It 108 • 57.0 56.7 68.7 5% 
II n 91 56.4 

II n 109 5.3.2 54.1 72.0 2oi 
n n 63 sens. reacts ·with ~-

36 n 21,1, 58.4 54.2 64.8 decomposes rapidly; piperylene 
II II .52 50.1. ;J it~ value approximate 

2!.:- n ~ ;[!.O :/1.2 62.4 ca.~ 
II It 57.4 

cons. 

II • If 124 ,58.4 56.1 61.0 26~ resin formed on inside 
11 n 127 56.2 of ampule 
J6 11 124 ,56.l slightly more yellot-dsh 
n n • 136 .56.1 

24 · 3200 72.2 71.6 ca. ~) 3.3% ) 

n °' It , 71.0 59 • .5 
/ 

11 (c) llJ 71.9 72.0 .59.3 0 • .5/, 
" It 94 72.1 
48 71.7 

zl~ 3600 ~ 76-S 7.5.8 58.2 significant cons., ne·w abs. prod. 
H 11 60.2 '8\ impure 2ll• reject 
!I n 100 71.8 ~J 
II n D.8 72.2 
II blue sol. 127 75.2 fmproved stability wlthblue 
II ca.4200? l.54 76.4 filter 

II (c) 102 78.8 78.8 .57.0\J) 
ll " 103 78.8 

2 3200 160 80.4 79.7 
IM 

4% g;f;!$ 
s-1, .9 

{ CO YL'i i1uJlci \ -
~- • ·-•----- -



TARL,'S I - continued. 

:;. r.rs . .filter area % t 
photo. 

BAV 
%t 

cons. or 
sens. 

comments 

•etonaphtho no 
~l~ YJA zt.2 3200 160 eo.4- 79.7 ~ 

39:J 2 n 168 78.7 .so,</ 
,- ' ' "!, j..J'.:i ;,. 24 II 78.0 
,39B ll n 78.2 
µ9A " " 131 80.3 1l'fa 
\39B II II 124 79.2 

•otyl ?A II (c) 103 7718 m6 .51h9 little 
7B il II 115 77.4 

pemtanc "Cr 2 3600 78.0 76.3 9-t-.7 C-t) .~ .. -1.t"l. 

ne 29B rr 11 44.0 impurity in ~:reject ,..,,-. ,., 
24 II .58 80 ..)'-.! 1· 

30B IT n 37 80 
JGA " blue sol. 120 7G.7 
}6B II " 76.0 

ou.renone& 4A n (c) 138 69.0 67.6 53.0 5% 

(J.) 
(b) 
(c) 
(d) 
(f) 
(g) 
(h) 

J.rn " " 75 66.2 orig. £1§. less concent. 
4R 67.3 48 

3A 24 " 124 S?.8 56.7 .53.7" ca. yellow sample turns 
8B !? ff 81 55.6 50% colorless 

A denotes starting with trans piperylene. B starting irl.th ili• 
dot.ermined here by Herkstroeter. et.al .. unless otherwise noted. 
un.c01--t.::i.in: !J . Turro ran the merry-go-round and I took doim no values. • 
J..o:n.s a.."ld Kasha value: in e.p.a~ • 
see notebook 
photolyzed {ri quart~ tubes. 
these Et values from"Mechanisms of photochemical reactions in 

solution" , XXI. (1964) 

! 
i 



TABLE II 

Inf orma:'cion on co::iy>ouncls t•l'hich did not sensitize, did not 
give pnotostationa.ry states. or 1i1ose Rt ·were kot kno1m. 

?i1e ~a abbreviations ar.d rom.at as Table I is used. 

sitizcr l hrs. filter .:i.rea 11,; t 
photo. 

BAV 
d _,. 
;IJ ... cons. or 

sens. 
com..-,nents 

llthylphenyl llA 35 (c) 129 76.2 -5'h1t little 9 July 62 
lcetone llB !i !I 141 73.7 r€.v,,ul pq Qo n 

lJ8 I\. 19-} 3200? ~ 71.8 ?D.I 22 Aug. 62. cliff. column 
l-}8B " fl 70.3 in any .case .,..,. 

thral- 12A 36 (c) 1.53 74.8 nearly complete . cons.; turns 
ehyde 12B n II 146 57 • .5 colorless 

Jl.A Li,3 3200 lOl} 79.3 
31B n 11 117 <.56.2 
Lrl A 20 blue sol. ca.95 (f) 
L}lB n n 155 40 note these values 

zal lJA J6 (c) 134 55.8 ss.4 :m:k ~95% 
tophenone lJB I! n l?..6 55.1 

rone lli•A n " 187 92.3 little 
14B II n 160 12.2 

'tyl 15A II n 188 95 little see m:m notebook for 
'de 153 I! n 2C2 6.2 further i':i.gures 

18A ll non! 163 59.3 .58.0 little neu abs. prod. ·with 
tanone 18B II fl 167 56.7 intense new odor 

lo- 19A ti Tl 193 59.4 ,58.8 vezy 
x.anone 19B II r, 206 se.2 little 

i 

ethyl cyclo 20A If " 185 ,Se.9±3 .58.0 little rxn. prod. aoove 320mr • 
i::a.none 20B II " 204 57.0 

nzal .32A 24 2300? 91 99 ~95~ see Table III for further 
cetone 32B II n 9 figures 

henyl JL:-A l.l8 It 142 92.4- no tr/ analysis 
i'one 343 fl n - impure £12. again 

ocol 37A 24? 3600 ? 95.3 
373 If n 7.5 
37A 20 blue filter 131 99 91, 
37B 11 solution 144 1 

~-2A 2,'.300 57 '76.8 (11.g) ~ ) 
presumably dicls-alder· 1 ,.. 5'l.i ' 

42B n u 86 6.5 .. 6 addition; reject value 



, sitizcr n.. 

tppyrene 43l. 
~,JD 
55A 
55B 

L~'?A 
47D 

4-?A 
. hthylene lt1 )D 

i.odo- 50A 
·phthyle~1:;; 503 

zanthrone 51A 
51··" LJ 

511:.. 
51B 

zid~ne 52D 
52A 
52B 

nitro .53A 
phthylene 53B 

57A 
thracene 57B 

• JK: 54A 
i.peTiJlene ,51-J..B 

TABLE II- continued 

hrs. milter area it BAV 
phoJ~o. ~t 

2).-!, 2300 88 
It :r 139 15 . .3 
79 2300-3600 143 78.3 .. n 172 26.5 

24 2300 ca.145 96 
:t II ca.145 4 

M ll m:36 'il peak ht; 
n II 22 80 peak ht • 

II II 49 73.0 
n II .58 79.3 

12 II 155 92 • .3 
n IJ 159 17.8 
37 II 141 80.8 
:1 11 100 29.4 

3 3/4 n 124 17.5 
7 ~1,_ n 
..... 2 
II n 

12 II 

II II 

50 n 
n II 

39 It 

if n 

914 86.5 
7l 50 • .3 

110 75.3 
117 74.3 

152 59.0 
1.50 57.6 

168 89.3 
159 20.1 

j 

\ 

74.8 

.58.8 

.-., -_..- ........... ----··- -• - --~ - --------... ..,...._, _____ _ • .J.;. _ ___ __ _ _ _ _ ___ 

E cons. or co:nmentz t sons. 

';q 
45.~ little some ne~1 abs. prod. 

') 8~ 11 ;time split 
befa.reen .fil tcrs 

no TYi nnalysis 

~~ new pc:1:-: before t r~'"l:::. 63 area. )80fa neu nroducts; colbrie-ss 
sm.npt e turns amber 

lJ'\ nmv prods.; colorless 
sai:nple turns blue-black 
apaque; 2 nei-r peaks VPC 

41,) f ) 

ca. Sr!. 
j(I some neu pl"oducts 

reaction prods.; peach 
color turns deep reddish 

L'?)) r-.x::n. p:c-ods. i light yellow 
to reddish 

40<.i l ) some co11s.; rx. Prods.• light 
yellou to darker yellow 
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sensitizer .,'L 
'T 

9-anthraldehyde 58A 
53A 

~ ,..} .., .... 
.)U:) 

58B 

58G 
58C 

5DD 
58;) 

dibenzal 59A 
acetone 59A 

59B 
593 

59C 
59C 

59D 
59D 

59Z 
59E 

TABLE III 

Attempt to establish ~hotostatlonary values 

for two low energy sensitizers indi~ectly. 

hrs. area %trans cons. of Comments 
p11oto. sens. 

2½ 152 57.8 '>35% new abs. product •• rfate both 
BLANK 165 ,56.8 of these sensitizers were 

2½ 
photolyzed through )600 filter 

140 67.a -solu:.ion did not change 
BLANK 175 $7.3 color apprecia]}ly. 

2i 1S7 81.2 
BLANX 167 ?8.5 

2} 131 86.3 
BLANK 151 89.9 

2.!. 
2 96 67.3 90; slightly lighter yellow 

BUNl 145 66.o 

21 99 75.1 
BLAHK 130 76.9 

2-"· z no 82.8 
BLA}!K 152 82.8 

2i 95 90.0 
:aLA.NK 141 89.4 

2½ 72 57.8 
BU.NI{ 108 55.3 

note that the blanks_are not intended. for calibration of VPC, since time shortage 

permitted onzy a rough approximation of 60:40, 70:J0, etc. trans:.£1,£. 



TABLE .IV 

Sol vent Ef.'f ects 

All figures .from pure n~~" column unless noted otherwise. Abbreviations: 

p = poor ; :t = fair; g ""' good. 1-1ore thrui one entry m mm:x tor one tirae 

and one solvent indicated the same sample ~as run through the VPC again. 

/J.l solvents are 0.05 in 2-acetonaphthone except isopentane. mineral oil. 

and ethylene glycol, whmch are 1/5 satu.:..~ted. 

solvent 

isopentane 

hrs. 
photo. 

1 
"i 
1 
24 

chlorobenz~:me } 
_1_ 
;: 

1 
1 
24 

acetonitrile -} 

ethanol 

Ethylene 
elycol 

mineral oil 

benzene 

1 
2Lr 

l 
24 

1 
2 
1 
24 

24 
24 

reliability 
of tracing 

p 
Cf 
0 

r-g 

p 
11 

It 

f-g 
II 

p-f 
r 

p-f 

p-f 
f 
g 

p 
f 
p 

v.p 
p 
r 
p . 
P-t 
f 
r 

area 
%t 

94.1 
88.8 
69.6 

84.4 
65.4 , 

84.7 
79.8 . 

I, 

peak ht. 
% t 

96.1 
89.0 
72.s~ 

86.7 
85.2 
82.7 
86.7 . 
71.5 ~ 

88.1 
85.4 
72.5 ~ 

91.0 
86.8 
7:3.0 ~ 

76.7 
72.7 ~ 
55.6 

63.:3 
91.8 
89.4 
55.-3 

·54.5_ 

92.3 
86.2 

comments 

peaks too s:nall, too 
much evaporation for 
UV analysis 

run together 

area interpolated 

area interp. 

piperylene -about 95% 
consumed 

cons. OT 
sens1.t11.r 

2·'& I 

1 
24 p . 76.2-·.+- value too hig.11. because of 

bad base line .. 



REFEREHCES (£or pinacalone decomposition) 

Tho follo1-rlng contain most or the in-1:,eresting in.i'onnation on photolysis 
' 

oi' s:l.mplo kotonos in soJ.ution. nn:rortuna.te:cy-1 all. expor:l.monts described. were 

run in hydl"ocarbon solvent,c.fuioh provides the possibility or hydrogen abstraction 

by radicals. Pina.cal.one is not cleaJ.·, t-rlth in arzy- of t.he papers. 

J. Bar:li'ord and Hor.clsh, J. Chem. Soc. , P• l5Jl (19.38) • 

2 w. Da.vls, Jr-.• Chem. Revs.• !IQ., 201 (J.947) • 

.3 J.N. Pitts, J. Chem,. F.duo •• 11-,, ll2 (l9S7). 

4 H. Waits, CIT chem seminar,. Notes. 3 Fabe 1961. 

REFERENCE - f or t he theory of che ex c i tation process : 

G. 3 . 1iarnmond , J . Sal ti el, f i • .l.Jamola , l~ . Turro , J . Brads l1a¼v , 

D. Cowarr , R. Counse ll, V. Vogt, 1 C~ Dal ton, 

"lkechanisms of F'hotochemica1 Reactions in Solut ion. XXI. 

Phot ochemic a l 'bis-t r a ns I s omerization.", s ubplit ted· ·ror. 

publicat i on in J. Am. Chem. Soc. 




