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I. The Photoj_som~rization of Retinal· 

Introduction 

Retinnl (vitamin A aldehyde, r.etinene) is the ' chromophore in the 

visual i,igment rhodopsin, which is a Schiff's base formed between retinal, 

t.t\0 

11-cis retinai 

and the protein ops in. 
. 'i . 

Hubbard and Wald first -recognized the importance 

of the ~-trans isomerization in the rhodopsin system. After being struck 

_by a ohoton, rhodopsin proceeds through severa1 steps, finally producing 

all-trans retinal and opsin. While there is no direct evidence of the 

-initial effect of photon absorption, there are sever.al indications that 

isomcrization from the 11-cis to the all-trans confir;uration is most .likely.·2 , 3 , 4 , 5 

Chief among these is the fact that onl¥, .11-cis retinal is able to form 

naturally occurring rhodopsin.
2

•3 This isomerization will be of primary 

importance here. 

0 

Generally, the main absorption of the ~-isomers falls 50 to 100 A 

, I 

to the short-wavelength side of the all-tr.ans absorption. An explanation 

of this has been offered: 
4 

• .if the geometrical isomers of retinal had a 

common excited state, the ~-isomem should require less energy to reach 

this than the all-trans isomer, since the ground-statC'.s of the ~-isomers 

lie at higher energies than that of. the all-trans (the 11-~, particularly, 

is sterically hindered and therefore less stable). so ·the absorption 

spectra of the cis-isomers should be at longer waveleni:r,ths than that of 

the all-trans. In fact, however, . they lie at shorter wavelengths. This 
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imnlies that the enexgy c;liffer.e.nce between the~ and all-trans-isomers · 

is still r:;reater in the excite.a state than in the r,round state and that 

the-re is therefore no common excited state. Schematically, this would 

require 

d.s all-trans . 

The simple existence of the cis absorption to shqrter wavelengths 

· than the trans absorption does not necessitate different intermediatesj' 

however. There are several problems with the above representation. If 

one or both of the excited states are singlets, they must be extraordinarily 

long-lived to allow the neces~ary time fot rotation c1round the double 

bond (\} , .or els~ the Franck-Condon princi~le must be violated 

so that the isomerization process occurs in part durinp.: the transitionl,) 

If one or l)oth of the excited states are. tril)lets, we are faced ivith • the 

unlikelihood of a S~T1 absorotion(3). Neither of these mechanisms is 

entirely impossible.* 

Until definite evidence is obtained for such necularities, however, · 

a far better re~rescntation involves s~s 1 absorrytion and a triplet-state 

intermediate which may be identical for each intermediate: 

'' For example, a lack of conformity with th~ Franck-Condon Erincil)le. has • 
been noted in the cis-trans isomerization of the stilbenes. Here, however, 
a triplet stat·e inte""""rmedi:=~ t e (the "phantom tri1?let") was involved, and the 
reaction proceeded~ triplet sensitizers. 
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. In· the· latter··.case, • we note·•that to avoid vioJ_ation of thP- I?rnnck-Condpn 

• principle, the -~-trans equilibrium must be established between the two 

triplets. The relative ener~ies of the two . triplets is un•important, but 

~:,e also see that in one direction (~-.trans or trans~Ei.~)t energy mu.st . 

be "pumped in" to accomplish the isome-rization., In view of the fact that 

rhodopsin (containing 11-cis retinal) and nrelumirhodorsin (with all-trans 

retinal) have been found- to be almost perfectly interconv(>rtible 'by lir;ht 

at -195°, with little or no form."ltion of isorhodopsin : (containing 9-cis 

ret:i:nal )4 , it aopears that this energy difference ts not made up thermally. 

At least.!.,!! vitro, then, we can assume that a triplet mechanism would 

involve a single triplet intermediate (.!.,!! ;!1!£, of course, the situation 

ma:y be quite different). 



Vi1~tually no work hns been done on the cis-trans isomcrization of 

• retinal from a physical onint of view. It is the puiposc of the work 

described :i.n this p:=i.per to determine whether the isomerization procee.ds 

by a triplet mechanism and if so, what the energy. is of the inte1.~cdiate 

triplet. 

The first stage involves an indirect excitation of retinal via 

triplet sensitizers to determine the existence of a triplet mechanism. 

Care must be taken, of course, to choose sensitizers which will not 

react with retinal and which will not decomp0se upon irradiation to 

products (e.r:., radicals) which can react with .. retinal. Although sensi-

. 7 
tizcr: triplet-acceptor sin~let energy transfer has been . observed , it is 

likely to hupr:ien only if acc_eptor So""'T
1 

transitions are "allowed" but 

donor Ti➔S0 transitions are not "allowed". 8 There is no reason for 

assuming,~ priori, that such complications will arise.here. 

If a tril)let mechanism is established, the next step is to detennine 

the energy of the triplet intermediate. It is not yet knm-m with certainty 

whether retinal phosohoresces at all. If it does, a phosnhoroscope may 

be used to determine the tri'~>let encrgy e If not, an estimate might be 

. obtained by looking for a sharp change in the cis/trans stationary-ste,te 

ratiO''- · when sensitizers of different. energies are used. The retinal 

triDlet would lie between the hi::fher and the lower. sensitizer triple.ts. 

Results 

1. The absorption spectrum of retinal in EtOH showed a broad max-

€ = ' 45,800, compared to a literature value of max 
0 

imum at 3830 A with 

2 = 43,400. (Hubbard, Gregerman and Wald (9) give . 'Amax'" 3810 
0 

A, E.max 

~mai3830 X.) 

A spectrum taken of a solution made · fr.om r0.tinal crystals which had 

been allowed to stand e.xnosed to ait4 and occasional li?;ht for L~8 hours 
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• showed ( ..,."'32,200 and ma.,,_ ~ma,t 3820 A, as well 8S sl :i.r!htlv more wel 1- . 
C) 

defined "~-peaks" at about 2500 A. 

When solutions stood ex!)osed to air for 30 hours and then successive · 

m5.nutc.sof lif:iht, lower And low0r pl:'imnry m3ximn werP- obsP..rv.e<l, with n shift . 

of ,.._ma.."\': from 3830 to 3800 X; the cis-peaks also became more and more. pro-

o 
nounced at 2570 .nnd 2.lt-90 A. It th~rcfore appears thnt the nhotostationary 

state involves dete.ctable amounts of ~..:isomers (perhai)s 9-~ and 11-

0 O 
~ at 2Lt-90 A, 13-cis at 2570 10. This aerees with the results of Hubbard, 

Gregerman and Wald. 
9 

In cyclohe:iome, the primary maximum was significantly changed: it 

0 
had a slight shoulder at a wavelength about 100 A lower than that of the 

0 

maximum. Here, ema.x = 43,300, ;\max = 37L~O A. The c:i.s-pcaks at about - . • 
0 

2500 A we.re not chanr;ed, ho~-rever. "For rP-tinal in C?H
12

, E = 3920, 
2537 

6 5000 = o. 

2. The first six se.nsitizer;s listed in the "Materials" section were 

• . 0 

considered for irradiatfon with visible light (5000 A). The.ir spectra • 

were ob:t:ained in cyclohexane, benzene, and meth·anol, depending on their 

solubility, and all but the following were eliminated because of insufficient 

0 
absorption at 5000 A: 

Sens Hizer 

.Mesitil 
Duroquinone. 
Eosin 

E.r (kcal) 

52.6 
51.6 
43.0 

Unfortunately, the arrival of the power source for the m~rcury-xenon 

• lamp was delayed, and a search was begun for sensitizers with high E. at 

0 
2537 A. Of the 72 sensitizers considered, 51 we.re imrncrl U1tcly discarded 

bec::i.usc they fluoresce (as determined from the literature) in the absorption 

region of retinal • . For initial trials, the following were chosen as 

having high e 2537 and low fluorescence yield (benzene, quinoline) or 

none at all: 



Sensitizer. 

Benzene 
~yridine 
Quinoline 
Nitrobcnzene 

8l~.0 
7L~. 5 
62.0 
59.9 

220 
2000 
2500 

10000 
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Rcf:'e.r.encc 

10 
11 
12 
13 

% • of li~;ht absorbed 
by sol 'n;: which · i::; ab­

sorbed by solvent 

94.03 
99.37 

• 99. 26 
99. 8L~ 

The sensitizers were used as the solvents. In addition, a · o.64 ·:f::. solution 

of retinal in cyclohexane was· made. up to check thC!. effect of direct ir-· 

rndintioi, of the. ratinal Ci.t 2537 A. Controls for all . solvents wcrn left 

unirrndiated. 

The solutions were irradiatC?.d for 35 hours. Only one irradiated 

solution (quinoline) has bee.n analyzed (by the VPC column described beiow); 

No retinal was detected. T.he solution was so discolored that no retinal' • 

could be observed spectrophotometrically, either. The most likely expla­

nation is that the irradiation period was far too lonr, (though stray . . 

light fr.om the flnme us.ed to seal the degassed ampules and from the 

source lamp may have had harmful effects). Retinal, with its long 

c0njugated chain, may not stand up very well under har_d trentme.nt. On 

the other hnnd, the solvent peak, which was rather slow in appearin~,may 

have masked the retinal and/or its decomposition products. The choice ­

between these possibilities awaits the analysis of the remainin~ irradiated 

solutions and the controls. 

3. Previous methods of analysis for the various isomers of retinal 

have depended on the change in the absorption spectrum which occurs with 

isomerization. This is very unsatisfactory, and several types of vapot-

phase chromatography columns are being; con·sidered. The current candidate 

is 8.7% Carbowax 20-M, 87.0% Chromaso_rb P and 12.5% silver fluor.borate. 

Withthis column, all-t1~ans retinal had a retention time of l."i:l minutes 
o..t 

at ·14o0 c and'ra helium pressure of 10 p.s.i. Since the retention time 

was so short, the temperature and the helium pressure were ·lowered to 

-1, O.OL~ F in a:11.:;traus retinal. 
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reduce the suhstanti:il column bleedin1, which occurred and to increase the 

possibility of separation of the isomers. For the analysis of their­

.radinted quinoline solution, a column temperature of 105°, an injection 

block temper11turc of 145° and a helium pressure of 6.5 p.s~i. were used. 

The silver-containing columns may not be satisfactory for our purposes, 

as th<i!y depend o, the com,,le::dn::r, of the silver {~ith double. bonds. There 

are so many double bonds in retinal that a mere cis-tr.ans isomerization 

about one of them will probably not make a significant differe.nce in the. 

availability of a complexinis site,and ~here would there.fore be little. 

differe.nce in the retention times. · A nori-silver column which looks par~ 

• 14 ticular.ly useful is that of Blank and Privett. This column (Chroma-

sorb W and 15% ethylene glycol) was used bv :them to separate the cis­

and trf.lns-isomers of methyl lineolate • and linolenate. 

Experi~ental 

Optics. The light source used ~,as a Hanovia low-pressure. mercury 

arc-lamp. Two filter solutions were used simultaneously: 30 mg :e_-nitro­

phenol in 1 liter of water and 1 lb. NiS()L~ • 71120 + 300 g Coso
4 

in 1 liter 

·of water. The J2_-nitronhenol solution decomposes rather quickly when 

irradiated. The following data for the two solutions together give some 

idea of the spectrum of a fresh solution and a solution after 4 days 

of irradiation: 

Fresh: 
'A,A 

Optical 
• Dens.it-y 

>3630 ~2.0 
3500 1.38 
3000 o. 95 
2537 0. 211-
2500 0.33 
.2300 1.85 

After 4 days: 
>3630 ~.2.0 

3500 1.00 
3000 o.42 
2537 0.56 
2500 o.s9 
2300 1.20 
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No difficulty is anticiP.ated with the solution here, since .it was newly 

made. 

1'fatcri~ls. 

All-tr.:ins retinal was obta:i.ncd from D:tot-t.llation Products Industries 
and used without further nurification. ·. Care ~vas taken 
to keep the samples evacuated and in the dar!c. A Safc-
1 ight (Wratt(>.n, Series 1) by Kodak was used for lir;ht 
dur.ing handlinr;: 

Sensitizers ·Naphthac8nP-quinone (from L. Coyne) was sublimed once: 
(hot sta1.:,e m.p. 290.5-291.5° C (uncorr.)). 

Phennnthrcnequj_none (Eastman Kodak Woite ·· Label) was re­
crystal lizcd once from ethanol and sublimed once (hot-

. 0 ' 
stage m.p. 207.5-208.5 C (uncorr.)). ··· 

Fl uorcnone had bee.n zone-refined by Herkstroeter, as · 
described in J. Saltiel's thesis, and was used without 
further purification. 

F.os in had been recrystallized· from ac0.tone by L. Coyne 
and was used without further purification~ 

Mesitil had been recrystallized by Fry and was used without 
further purification. 

Duroquinone (Aldrich) was sublime once (hot-stag:em.p. 
111.5-112.5° C (uncorr.)). 

Nitrobenzene (Matheson Ren1:;eht Grade) was steam-distilled 
• with 6 £!_ n

2
so

4
, collected, dried over CaC1

2 
and vacuum- • 

distilled; a middle fraction was collected. 

Pyridine (Baker Reagent Gr<1.de) was distilled onc.e over 
BaO; fraction collected: 113.7-114.0 (uncorr.). 

Quinoline (Eastman Practical Grade) was distillecJ twice 
under reduced pressure, once from zinc dust and once from 
a mixture of zinc dust and BaO • . A middle fraction was 
collected each time. 

Benzene had been washed with cone. H2solJ. and distilled 
over P2o5 by L. Coyne. 

Cycloh0.x:1nc (Ea stman Reagent Grade) was washed twice with 
a 1: 1 ni'J03-1-12so4 mixture, twice ~.;ith 1-12soLi and three times 
with water. It was then dried over Caso4 and passed 
thron~11 a 16 cm silica 6cl column. 

Column Packing Chr.omasorb P (Johns-Manville) was base-washed by P. 
Hae;ner. 

Silver fluorbor~te (Ozark-Mahonin~ Co.) was used without 
further purification. 

Carbow::n:: 20-M was used straight from the bottle. 



Solvents 
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Tk.nzcn.e (Hathcson Spectroquality) was used without 
further purification. 

:·:eth,mol (:vJo.th.cson Spcctroquality) was used without 
·fui:-the.r purification. 

C:v~lohcxnno (Nath~son Spoctroqual:tty) was uoe.d without 
further purification. 

Eth.:rr1ol (100%, from stockroom) was used without further 
'T)Urifi.cation. 

bichloromcthnne (Matheson Reagent Grade) was used without 
furth~r purification. 

T<?.trahydrofuran (technical grade) was dried over anhydrous 
sodiura sulfate and distilled over sodium metal; fraction • 
collected: 6L~.9-65.L~° C (uncorr. ). 

Spectra. All spect:i;-a were obtained on the Cary 14 _recording spectro­

photometer at rqon temperature . . • Matched · 1 cm fused silica cells were 

·used. Spectra were obtained of the benzene, methanol, cyclohcxane and 

ethanol used as solvents, and none showed any ir.1puritics. 

VPC Column. 25 rs Carbowax 20-M was dissolved in dichloromcthnne .and 

poured over 250 g Chromasorb P to make. a slurry. The dichloromethane was 

evaporated on a Rinco rota-evaporator. 12.5 g silv.er fluorborate was · 

disso'ive.a' in THF and adde.d to the carbowax-chromasorb mixture to form 

a slurry; this was dried on the roto-cvapo:rator. 

Over a period of hours, the rrti:x:ture turnecl dark, indic.ntingthat 

perhaps not al 1 of the dichloromethane had been tc1.ke11 off and had formed 

a small amount of silver chloride in the mixture. In any event, a. portion 

of the mixture was nacked into a three-foot stainless .steel column. The 

• instrument was a Loenco Model 15B, with a thermal detector. 



II. Iodide-Acetone and Iodide-Acetonitrile 

Charge-Transfer Comnlexes 

Iodide-acetone and iodide-acetonitrile 
charge-transfer complexes have been shown to 
exist, ah<l their heats of formation are being 
determined. 

Ramm~nd and Gray suspect charge-transfer complexes of lowering reac­

tivity in nucleo~hilic additions by I- in acetone and acetonitrile. 

In flash-photolysis experiments, Edgerombe and Norrish have pointed to 

the existence of an excited iodide charge-transfer complex as the inter­

mediate in the formation of 12- in u2o and CH3CN: 

The reaction 

~v 
(I-~ HzO) >-(I-, H20)* . 

er-, H20)*---I + H + OFl 
I+ I---~I -2 

is inferred from the proven existence of cn3r, presumably formed by 
I + CH3 > CH3I. 

Jortner, Ottolenghi and Stein have shown the existence of I atoms in solvents 

like alcohols and CH3CN in the primary p~otochemical stage. 

Results 

Absorption spectra of KI and NaI in acetop.e and acetonitrile were 

obtained. 10-4 F solutions of these salts in acetonitrile showed strong 

maxima at: 0 

NaI: _2070, 2465 .A 
KI: 2070, 2465 A. 

Iodine solutions were also made up to make sure that the maxima were not 

. due to iodine-complexes formed upon oxidation of the iodide·: 
0 t2 in acetonitrile: 3625, 2910 A 

(both very broad). 

When the iodine solution: was allowed to stand in the sunlight for several 
0 

minutes, sharp maxima appeared at 2490 and 2570 A (these may be due to io-

dates). Thus the maxima observed in the iodide-acetonitrile solutions are 



indeed due to the presence of iodide and not tosome other species. 

10-3 F solutions of NaI and KI in acetone exhibited ~ery strong maxima 

at: • 
KI: 2155 A • NaI: 2150 A 

and a shoulder at: 
0 

KI: 2390 Ab 

NaI: 2390 A. 

At 10-
4 f, distinct peaks were revealed: 

. . 
KI: 
NaI: 

2160, 2L~l0 A 
0 

2160, 2410 A. 

For acetone, the l)rogramrned spectrophotometer slit is wide open in the·.vi­

cinity of t~e. higher-wavelength maximum, and the wavelength recorded is 

pr9bably not very accurate.~ The lower-wavelength maximum is correct, how­

ever, as the slit is once again 0.1 mm. 

Discussion 

According to Dr. Gray, these maxima indicate the existence of "low-

- ·::* energy I - charge-transfer". One of the possibilities for CH3CN is 

~ -

. ·· rv~:cG 
(f)l?) 0'o • 

--.-x-Ox 0-.., -rr.,._ c. .,v . 
,1t-;.. ?cj- '' ---0-0-

Work is now under w:1.y to determine the h.e.1ts of formation . of the complexes., 

Experimental 

Vi.ATERIALS. (All used without Zm·ther purification~) 
Acetone--Matheson Spectroqu P.lity 

Acetonitrile--Matheson Spectroquality' 
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Cycloh~xanc--?-!ntheson Spcctroquality 

SocHum Iod~_dc--Bakcr Reagent Grnde 

Potassil1m Iod ide.--I3aker Reagent Grade 

Snectrn. Artn:i.n, all spectra were obtained on the Cary l'-l- recol·ding 

spectrophotometer. The eel ls usC:\d for the acetonitrile,bolutions had a 

path-len~th of l cm. It was not possible to dilute the acetone solutions 

with enour;rh cycloh0.:x:ane to decrease the absorption of t¾e solvent suffi­

ciently :i.n the UV because of the precipitation of the salts. Therefore, 

matched 0.1 cm fused silica (//81$-120) cells were obtained from_Pyrocell 

Manufacturing; Co. and used for the ace.tone. solutions. 
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