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FOREWORD 

This report is a literature review of photochromie triphenyl— 

methane derivatives and was prepared under the Flashblindness Protec¬ 

tion Research Project 1C024401A349, Task 05, of the Material Research 
Branch, Clothing and Organic Materials Division, Ü. S, Army Natick 

Laboratories, Natick, Mass, The search and data collection were 

conducted by Dr. Richard N. Macnair largely during 1965 as one of the 
initial but continuing phases of the in-house research program on 

organic photochromie compounds. The report covers the literature 
up to and including January, 1966. 
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ABSTRACT 

A comprehensive review of photochromism in triphemrlmethane 
derivatives and some related compounds is presented. Most of the 

individual compounds reported to be photochromie as well as some of 

those reported as non-photochromic are mentioned. Compounds were 

included only if the conditions under which the observations were 

made were reasonably well described. In preparing the review, little 

îewnS++lWaS L° th® degree of photochromism reported since 
very little quantitative data were available. Physical properties of 
the compounds and/or their solutions which appear to be related to 

photochromism are discussed, including conductivity, dielectric 
constant and dipole moment. Among other topics discussed are 
mechanisms and kinetic studies. 
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A REVIEW OF PHOTOCHROMISM IN TRI PHENY1METHA.NE 
DERIVATIVES AND RELATED COMPOUNDS 

I. IHIRODUCTION 

Interest in photochromism as an ultimate means of flashblindness 

protection has prompted research on organic photochromie compounds. 

Numerous classes of organic compounds are known to exhibit photochromy 
but some are more deeply colored than others and are therefore of' 

greater interest.for this application. High on the list of deeply - 

colored photochromie compounds are some, triphenylmethane derivatives. 

Investigations of these derivatives have indicated that their quantum 

efficiencies are very high and the observed color changes occur very 
rapidly during a flash of light. y 

Several publications covering the general subject area of 

photochrony (or photochromism) briefly discuss triphenylmethane 

photochromism (see Ghalkle^ d^), BrownS (1959), Brown and Shaw3 
(1961), Dessauer apd Parier (1962), Luck and Sand5 (1964), and 
Exelly and Grinter (1964)). This report presents a more coirprehensive 

treatment of triphenylmethane photochromism than has appeared thus far 
reviewing the literature through January, 1966« * 

The terms photochromism and photochrony will be used throughout 
this review to mean a reversible change of color brought about by- 
incident light. Maty articles in the literature refer to this 
phenomenon also as phototropy or phototropism. 

II. PHOTOCHROMIC SOLTITTOKK 

Photochromism in tripheiylmethanes has so far been observed 
only in solution". For this report, the term solution will include 

gels, plasticized resins and similar materials. Known photochromie 

solutions of triphenylmethane derivatives and related compounds are 
shown in Tables IA IB, II, in, and IV. The solutions werepreSÏU 
either^with the solid leuco forms of the compounds or in situ with 

S C5SreS-f01rf+ard £ue reagent sPecified, e.g., potassium cyanide 
or sodium bisulfite. The structures of the compounds are shown in 

in^he'l-t’ ^t alphabetiCal ordsr according to the nomenclature used 

HI. NEGATIVE PHOTOCHROMIC SOLUTIONS 

when Jtegative photochrony is the light-induced phenomena observed 
when materials change reversibly from colored to colorless under 

the influence of light. Thus, the color of negative photochromie 

-.. -...../.■ . ■.■.■■.. ■ ..'.. _ .. ..-... 
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triphenylmethane solutions fades or disappears when the soln-H^rva 
are irradiated with ultraviolet light wh^n the Sh? 

s»»»1- ~ Ässrite hydrochloric acid. 

IV. NQN-PHOTQCHROMIG SOLUTIONS 

i™ ~=ÂÂSÂáíi" 

V. EHYSICAL-ORGAMIC PARAJaETBRS 

A. General. Numerous physical-organic studies hav« he.«« mu* 
^jS+lu+50ns, of triPhei^rlmethane derivatives in an effort to élu- 
cidate the phenomenon of photochromy. The results of <5ntm n-r +v. 

sä!88" Ät»»s8s8 
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TABLE IA 

PHOTOCHROMIC CÏANIDE SOLUTIONS 

Compound Solvent Code-Letter 

Auramine 

Benzaurine 

Brilliant Blue 

Brilliant Green 

Crystal Violet 

i 

Doebner*s Violet 

Hexa (hydr o^yethyl )- 

pararosaniline 

Malachite Green 

Methyl Violet 

New Green 

New Magenta 

New Red 

New Yellow 

Pararosaniline 

Phenolphthalein 

Victoria Blue R 

H 

A,HPJ 

H 

H 

H 

B,G 

H 

A#K 

H 

A 

A 

H 

APH 

Reference No,*_ 

Solvent Code; Ã7ÊthanoîT^B ’ 

APB,G 

AfBfG#N 

APBPG APD, 

ApBpGpN 

DfE,G 

_2. 6 .9 u. 12 -12- Jit -12 _18_ 

A,B,G,MfN 

A’,BfGtM#I 

A,BfGtMpN 

A^B.G.MpI 

alcohol with KCN. D0 Ethylene chloride (dichloroethane) B E# Ethanol- 

waterp methanol ¿methanol-water t acetone, acetone-water, benzene- 

methanol, carbon tetrachloride-methanol, cyclohexane-methanol, chloro- 

form chloroform-methano!. F. Ethylidene dichloride, cyclohexane- 

ethylidene dichloride, cyclohexane-ethylene dichloride. G. Benzene. 

H. Dimethyl sulfoxide, aqueous and non-aqueous. I. Acetone or methyl 

cellosolve. J, Ethyl cellosolve, monoglyme, diglyme. K. Ethanol- 

raSnol »iS SOlVe"tB •***>«.«** «a. ». Ohiorofor»,. 

*See Section VII 

H 
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TABIE IB 

PHOTOCHROMIC CYANIDE SOLUTIONS CONTINUED 

Acid Blue 22 

Acid Blue 93 

Acid Green 3 

Acid Green 9 

Acid Violet I? 

Acid Violet 19 

Crystal Violet 

Malachite Green 

Malachite Green 

Derivatives* 

Reference No* 
(See Section VII) 

Solvent Code Letter 
L_ 

N,0 

N 

N,0 

N,0 

N,0 

ÏÏ.0 

L,M 

K 

15 16 

plyBnt Code: K» Three-to-one "solutions" of cellulose acetate with the 
ollowing plasticizer mixtures : (l) Polyethylene Glycol 600+/butyl 

stearate (5/I), (2) Ethylene glycol phenyl etherí/butyl stearate I5/I) 
(3) Polyethylene Glycol 600+/butyl acetoxy stearate áh) (hV'tll -, 
glycol phenyl ether±/butyl acetoxj stearaS S/Sf l ^CelÜ^ Ä ® 

sr s ssä»01 
Eulfox;l-de with methanolic KGN. 0. Methyl Cellosolve 

thïï heïhan0l+°/™' P* Solvents having dielectric constant greater 
than 4.5, containing polyvinyl butyral. S X0r 

*These derivatives have a CM,OH,00¾ or SCUferoun on the amine. ' 
unsubstituted ring and methyl groups in various ring positions 
tAllied Chemical Company, Nitrogen DivisiS. ^ Positions. 
-Dow Chemical Compary as Dowanol I (Now Dowanol EP). 



TABLE II 

Compound 

Benzaurine 

Crystal Violet 

Malachite Green 

Malachite Green 

Derivatives* 

Pararosaniline 

Phenolphthalein 

PHOTOCHROMIC CARBINOL SOLUTIONS 

Solvent Code Letter 

H 

D,E,F 

G 

A,I,J,K 
ë 

A,I,J,K 

B.C 

Reference No« 
(See Section VII) 

9 
♦ T 

n 1 15 
• 

16 I 18 
à J 

7¾ k ' --w ^ O **w%ww* nrjuuxi WX YiJL AA/Uft 

C. Aqueous alcohol with KOH. D„ Water with NaHSO-,. E. Methyl 
£piloSp1Vo with methanolic KCN. F. Dimethyl sulfoxide with methanolic 
KCN, G„ Solvents having dielectric constant greater than 4.5, contain- 

^elutions of cellulose acetate-butyrate 
with 2-methoxy ethanol, and vinyl acetate with methanol} filnis cast 
i í!LuheSe S0^ti0”s and containine som® residual solvent. I. Benzene do ^tner or chlor of orm0 v -*» Ke Ethanol* 

?SYfives haYe K™! 0H‘ 0011V or S0,H group on the amine 
unsubstituted ring and methyl groups in various ring positions. 

5 



TABEE HI 

PHOTOCHROMIC SULFITE SOLUTIONS 

Compound 

Acid Blue 22 

Acid Fuchsin 

Acid Oreen 3 

Acid Green 5 

Acid Green 9 
Acid Violet 17 
Acid Violet 19 

Basic Fuchsin 

Brilliant Green 

Crystal Violet 

Fuchsin 

Magenta 
(Rosaniline) 

Malachite Green 

Methyl Violet 

New Fuchsin 

A. J* 

F 

C.D 

Solvent Code Letter 

E.F.G 

F 

Pararosaniline 

Rosaniline Red 

Sevron Green B*** 

A** 

B 

E.F.H 

Reference No» 
(See Section VII) 

20 

♦Sulfate of Brilliant Green Lftuhnsiyi tX 
♦♦Hydrochlorid^ of Parprosaniline ¿eucosulfite 

♦♦♦Proprietary product of du Pont 

22 
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TABLE III (Cont'd) 

MïS^odeî A Water containing S02. B. Water containing 
tasuifite and papain. C. Polyvinyl alcohol with dimethyl 

sulfoxide (5/1). D. Solutions of Vinyl acetate/vinyl alcohol 

copolymer m alcohol-acetone; Polyvinyl alcohol in water; 

Polyvinyl pyrrolidone in water; Methyl vinyl ether-maleic 

acid copolymer in water; films cast from these solutions and 

containing some residual solvent. E. Methanol-water containing 
ammonium bisulfide and urease. F. Water or aqueous mathaSi 

^isulflte" G* Methanol-water containing ammonium 
bisulfite alone or with sodium dithionite. H. Methanol-water 

containing ammonium bisulfite and glucose oxidase. I. Methanol, 
dioxane with aqueous ammonium bisulfite. J. Benzene 

6a 
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TABLE IV 

PHOTOCHROMIC ACETATE, AMINE pASE*. CHLORIDE AND SÜIFATE SOLUTIONS 

Compound 

Crystal Violet amine base 

Crystal Violet chloride 

Fuchsin Chloride 

Malachite Green amine base 

Methyl Green chloride 

New Fuchsin chloride 

New Solid Green chloride 

Pararosaniline acetate 

Pararosaniline sulfate 

eference No, 
,See Section VII) 

D,E,F 

E 

Solvent Code Letter 

A.B 

A,B,C 

A,B,C 

A.B.C 

A.B.C 

A,B,C 

22 

Soiyent Codévi A Water with NaHS03. B. Methyl cellosolve with 
methanolic KCN0 C. Dimethyl sulfoxide with methanolic KCN* 
.D, Benzene, E, Ethanol with ammonia, F, Ethyl ether. 

The amine bases may not be photochromie in the present definition of th 
term because the color changes they exhibit may not be reversible. 

literatureri^rien^r^met'lane ain^ne ^ase reactions have been reported in tb 



TABLE V 

NON-PHOTOCHROMIC CYANIDE SOLUTIONS 

Solvent Compound 

Benzen© 

Carbon Tetrachloride 

Cyclohexane 

Ethanol 

Ethei* 

Neutral Solutions 

(general) 

Brilliant Green 

Crystal Violet 

Malachite Green 

Victoria Blue 

Methyl Violet 

Malachite Green 

Methyl Violet 

New Orange 

Victoria Blue 

Victoria Blue B 

Victoria Blue 

Victoria Blue R 

*The reference numbers correspond with the references in Section VII 

8 



(18) Br Conductivityn Lifschitz and JoffeK*LO/ measured the conduc¬ 

tivity of Malachite Green, Brilliant Green, Crystal Violet and 
Pararos aniline leucocyanides in absolute ethanol before and after 

irradiation with a mercury-quartz lamp and/or an iron-nickel arc 

lamp. They observed that the conductivities of Malachite Green 
and Brilliant Green leucocyanide solutions increased markedly when 
the solutions were irradiated and decreased to their original 

values after irradiation ceased. This is shown for Malachite Green 

in Table 1, Appendix B. In contrast, the conductivities of Crystal 

Violet and Pararos aniline leucocyanide solutions increased when 

irradiated but did not return to their original values when irra¬ 

diation ceased. This is illustrated by the data in Tables 2 and 3 

in Appendix B, 

Malachite Green and Crystal Violet carbinol solutions slowly 

increased in conductivity without irradiation, i.e., while being 

stored in the dark. However, illumination of these two solutions 

with a mercury arc lamp produced a sharp increase in conductivity 

which fell off somewhat after a period of darkness storage. 

These conductivity changes apparently occurred in direct 

proportion to visual color changes, but no quantitative simulta¬ 

neous measurements of absorption and conductivity on the same 

triphenylraethane solution have appeared in the literature. Howeverv 

some other data are discussed. (18) For example, Victoria Blue 

leucocyanide in an alcoholic solution became colored and showed a 

steadily increasing specific conductance while in the light. This 

conductance did not fall off in the dark nor did the color fade. 

Again it was not specified whether or not the conductivity was 

highest when the optical density was greatest. 

De Gaouck and Le Fevre^) re-examined the conductivity of 

alcoholic Malachite Green and Brilliant Green leucocyanide solu¬ 

tions. They found that the conductivities did not return to the 
original values after the solutions were irradiated and stored in 

the dark as Lifschitz and Joffe reported, but fell to a level some¬ 

what higher than the original. Thqy attributed this discrepancy 

to the presence of a small amount of water in the alcohol which, 

by hydrolysis of the leucocyanide, formed hydrogen cyanide. The 
initial exposure and darkness treatment established a new conduc¬ 
tivity level to which the solutions returned in periods of darkness 

between subsequent exposures to light. Figure 1 illustrates this 

point. 
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c* Exciting Radiations. Holmes^9) studied the radiations 

producing photochromism in the triphenylmethane sulfonic acids. 

These compounds are activated by radiation in the 220-330 mu range 
and, as expected, conform to the Grotthus-Draper Law which says that 
only those wavelengths which are absorbed by a system are effective 

in producing a chemical change. In general, it has been found that 

the activating wavelengths for the triphenylmethane compounds are 

in the near ultraviolet spectral region. The intensity of the radia- 
tions affects the velocity of the reaction as one can see by conroaring 

ultraviolet lamp and photographic flash bulb irradiation of' identical 
solutions. However, the intensity of the source does not affect the 
quantum yield of the reaction. 

P° Quantum Yield. The quantum yield for the photochromie 
reaction has been determined by numerous authors and is apparently 

about unity in. ethanol throughout the spectral absorption region 
of the leucotripherylmfethane compounds 0 Weyde et al„ (24) studied 

Crystal Violet leucocyanidep Holmes (19) reported on Malachite Green, 
Harris and Kaminsky (25) studied both compounds 5 and Calvert and 

Rechen (26; confirmed Harris and Kaminsky's findings. Recently, 

Sporer (23), in a study of Malachite Green and N, N1, N"-Tris- 

(2-hydroxyethyl)-pararosaniline leucocyanides, reported a quantum 

yield of almost 1.0 for dye formation in ethanol for each compound 
but only 0.25 in water for the latter. 

E. Temperature,, The effect of temperature on the photochromie 
reaction was discussed by Luck and Sa..d(5) who also described 

thermochromie effects in triphenylmethanes. Generally, the forward 

color-forming reaction in triphenylmethanes is affected very little 

by changes in temperature whereas the reverse bleaching reaction is 

accelerated with increases and decelerated with decreases in temper¬ 
ature. This is true, for example, of Crystal Violet and other 

leucocyanides in alcohol solution0 Barring other factors in these 
cases„ if the rate of. the light-induced forward reaction equals 

the rate of the heat-induced reverse reaction,, no photochronrv will 

be observado However0 reverse photoreactions independent of temper¬ 

ature and back reactions dependent only on bleaching agent concentra¬ 
tion can also give the same effect« 

Although thermochromy is a separate phenomenon and is the 
subject of a recent review by Day (2?), it appears to be closely 

related to photochrony0 For example, the colored forms of a given 
system produced try heat may be the same as those produced ty light 

11 



as was shown ty Hirshberg and Fisher (28) for a series of spiropyrans. 

These authors concluded that compounds which do not show thermochroirçy, 

but are photochromiet require more energy for color formation than 

can be obtained with heat. Parafuchsin (Pararosaniline)c sulfite 
in aqueous solution shows a strong thermochromie effect (5), 

increasing in optical density from 0 to 2.8 with an increase in 

temperature from 20 to 80°C(19)„ Thermochromie responses have also 
been observed in aqueous bisulfite solutions of Crystal Violet, 

Methyl Creen, Fuchsin, New Fuchsin, Acid Blue 22 and Acid Violet 19 

as well as viscous aqueous methyl cellulose solutions of Methyl 

Green d5)0 These systems were also reported photochromie. It is 
not known whether these observations were made with sealed or 

unsealed vessels. This is important because temperature has an 
adverse effect on the photochromy of unsealed bisulfite solutions 

of triphenylmethane derivatives. Dreyer and Harries (15) reported 
that the heating process evolved S02 gas and formed a non-photo- 

chromic leuco base. In a closed vessel the loss of SO2 is 
prevented and no change in photochromism is observed. Very brief 

heating periods will not affect the photochromie capability in 

open vessels as long as there is excess bisulfite or S02 present. 
This does not preclude the observance of the thermochromy in 

sealed vessels, however, since S02 gas may still be formed, but 

it does raise a question concerning fatigue with these thermochromie 
systems„ 

F. Mechanisms. The nature of the environment has a real 

effect on photochromie reactions as can be inferred from the 
foregoing discussion. Lifschitz and co-workers (11,17,18,29) 

proposed a mechanism for Malachite Green leucocyanide photochromy 
in ethanol wherein there is a reversible reaction between a 

colorless unionized and a colored ionized form which goes through 
a colorless ionized unisolable intermediate (transition state) as 
shown below. 

faVz HC6Vl' C6H5CCN .¾¾ 
'HãrT 

Colorless (un-ionized) 

12 



\e3)2 ^2 c6h5c+ CM^j 1=^- [ch3)2 nc6hJ2 c6h5g+ + cr 

Colorless (ionized) p n , 
colorless (ionized) 

that “L5^2!i?5ns:lder 
reactions, C0l0rless carbin°l as ^ the following seqïencr^^ 

h)2 ^6¾] 2 06H5CCN light 

Colorless, nndissociated 
(leucocyanide) 

[CCH3>2 HC6HJ2 g6H5COH water 

Colorless, nndissociated 
(leucocarbinol) 

h)2 MC6%] 2 C^GcÑj 

Unstable intermediate 

I 

d^* + ON' 

Colored, dissociated 

no «vSSã fír1i.al|heS3S„Ín,'”St*bl0 ^htennediate tat shtaad 
OalvtrtatdBetata.íáf^ST“;“3”“®^. »»ever, t* 
stating that Malachite and GibsonU ' contradicted it, 

only a limited amount of wateí neithe^8 in 6thano1 containing 
cyanide nor forms tS leucocSbSS .f\° the leuc°- 
removed but forms vet ann+har* + a^er ^ight source is 

this substance except as a colorless C°^d n0t identii,y 
absorbing in the 350 mp spectral region^ ^® material 
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Although these mechanisms are reasonable and based on the exper¬ 

imental evidencep they present only a partial picture. The most 

nearly complete mechanistic explanations for the photochromie process 

that have appeared are those of Holmes(10) and Sporer. (23) Holmes showed 

that the final product of photochromism is the original leucocyanide 

the carbinol or the ethyl ether of the triphenylmethane compound, 

depending upon the solvents and conditions of the reaction. If the 

KOHp KCNd or HpO is present in the alcoholic reaction mixture before 

irradiation, the products are a mixture of carbinol and ethyl ether. 

In absolute alcohol the ether predominates0 If the solution, either 

before^ or after irradiation, is saturated wiUi HCN gas0 the 

leuconitnle is the only product«, Holmes used spectral techniques 

to show this and presented a mechanistic scheme in which the 

forward reactions are caused by light absorption and the reverse 

reactions are spontaneous thermal reactions. (MG stands for 
Malachite Green.) 

MGOH 

r4 

MG* 

HOH li1“ 

OH" 

MGCN MG* or 

hcnT !c2h5oh 

mgoc2h5 MG 00^ 

_ ^olme^ extended his studies of triphenylmethanes in an inves- 

tigation of Malachite Green leucocyanide in solvents of low dielectric 

constant and proposed a free radical mechanism to explain his 

observations. The solvents used in this investigation were 

cyclohexane, ethylene dichloride, ethylidene dichloride and mix¬ 

tures of these. Holmes noted that ionization occurs markedly when 

the solvent dielectric constant is 4.5 or greater and proposed a 

composite scheme including both free radicals and ions to explain 

Figure^011113111 ^a^ac^1^e Green® This scheme is illustrated in 
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Sporer('-3) investigated this further with Malachite Green. 
Crystal Violet, K,N•,N"-Tris-(2-hydroxyethyl)-pararosaniline and 
Victoria Blue B leuconitrile solutions and reported two photo- 
reactions occurring in most triphenylmethanes. The predominating 
reaction is photoionization to form the dye, but cleavage of groups 
on amine nitrogens also occurs, forming free radicals. The latter 
was indicated in polymerization experiments with vinyl chloride 
monomer, where a blueish-green polymer was produced during irra¬ 
diation, and in electron spin resonance studies with dimethyl- 
aniline as a control. No triphenylmethyl radical was observed 
Free radical formation occurs in solvents of both high and low* 
dielectric constant in a quantum yield of about 2 percent, according 
to Sporer, but it is observed most easily in solvents of low 
dielectric constant. In solvents of high dielectric constant, the 

radicais. are masked by dye formation. Sporer also observed 
that free radicals were formed in the triplet state of photoexcited 
molecules but that dye formation occurred neither in the triplet 
state nor in the excited singlet state. He indicated that dye 
formation occurs when the molecule undergoes internal conversion 
from an excited state to the ionized state but he did not elucidate 

. j. except to say that it occurs at some low energy level. 
A different photoreaction was observed in the irradiation of 
Victoria Blue B solutions where excitation energy is dissipated as 
fluorescence.with no photochromy, except to a small degree when 
irradiation is carried out above room temperature© 

t.. A mechanism for photochrony in tripherylmethane dye-papain- 
bisulfite mixtures was postulated by Allinikcv ^21) during a study 
of various systems, including a parallel study of aqueous 

bisulfite-Malachite Green solutions with and without papain. He 
suggested that before photolization there msy be a complex formed 
between the dye and enzyme which is followed by one or more other 
steps to the formation of colored dye cations during photolization. 

may act as a cage to keep the ions close together after 
photolization, thus aiding the color-fading reaction. This system 
is attractive because it apparently resists the fatigue often 
suffered by dye solutions during a series of exposures to light. 

G. Fatigue. Although fatigue is a common occurrence in manv 
dye-solvent systems, the mechanism has not been studied directly in 
triphenylmethane compounds. However, Sporer's observation of sub¬ 
stituent cleavage on the amine nitrogens forming free radicals 
indicates that unreactive photoproducts may be formed through 

16 

• 
.i

s 
y
'
'
'
d
j
^
.

 —
> 
V

i 



f/4* T <1 ^ 

secondary reactions. The presence oí these photoproducts might 

readily explain the fatigue, observed by Weyde and Frankenburger^'J 

which occurred after very lengthy exposure of Crystal Violet in 

ethanol containing KCN« In this system a steady—state color was 

reached which then faded to yellow* Substituent cleavage may also 

explain Allinikov^ observation of fatigue in aqueous bisulfite 

solutions of Malachite Green. However, according to Dreyer and 

Harries \-O ) 9 fatigue of aqueous bisulfite solutions would be 

ty the loss of sulfur dioxide if the systems were 

exposed to heat and SOg was allowed to escape from open or poorly 

sealed vessels* Dreyer and Harries postulated a reaction scheme 

for the formation of the leuco base and sulfur dioxide gas from 

the leucosulfonic acid using Malachite Green as a model blit their 

equations are not balanced. This author suggests that hydrogen 

may have been formed during heating, causing reduction of the 

organic moiety as explained by the following equations • 

R0H3) 
2 “Ala C6H5CS0‘H 

heat 

3‘ 

Leucosulfonic acid 

rVz “Aja Vs0 
Colored species 

(resonance form) 

HSO 
3 

(1) 

NaSO^H + H20 heat 
i NaS04H + H. (2) 

3>2 “6^2 0A°* 
HSO " + heat 

3 !y 

Colored species 

(carbonium ion form) 

[<ch3)2 kc6h^2 c6h5ch (3) 

Leuco base 

+ S0_ + 
H2° 

This scheme could be corroborated by the detection of excessive 

amounts of sulfate ion because reaction (2) does not occur unless 
there is a reducible substance present, in this case the organic 
moiety, & 

H. K^netiqs, The kinetic studies which have been reported for 

photochromie tripherylmethanes to date are primarily qualitative in 

nature for the forward reaction and priraari]y quantitative in nature 

for the back reaction. The forward reaction was investigated by 

*•> ^jv "TMiirnm 



Kolmesd9) who presented qualitative data showing that Pararosaniline 
sulfite solutions change color intensity rapidly for the first few 
minutes of continuous irradiation, then level off, and gradually 
decrease in intensity after about five minutes of continuous irradia- 
tion. Additional qualitative data on the forward reaction were 
given by Ariga'32) for Malachite Green carbinol solution. In this 
case the color change was found to be directly proportional to the 
incident light intensity and independent of temperature and alkali 
concentration. No quantitative data are available on the rate of 
the forward reaction except for the limited data provided by 
AllimkovtZi; and Kropp and Moore(20) „ho indicated that the 
response time for maximum color formation of Malachite Green with 
or without enzyme was equal to the rise (to peak intensity) time 
of their flash lamps, i.e., 10-25 microseconds. 

Kinetic studies of the reverse reaction were made by Brown, 
Adisesh, and Taylor(7) with Methyl Violet and cyanide ion in 
aqueous ethanol solution and some preliminary data were obtained 
in ethanol benzene solution. These authors observed a decrease in 
the second order rate constant as cyanide ion concentration was 
increased and explained it with an ion-pair mechanism. They 

equation^qUatÍOnS °n a specific ion-pair, resulting in the 

obscl 
= k*K/(K ßirj + i) 

where k obsd. and k* are observed and corrected rate constants and 
is the association constant for ion-pair formation. They also 

observed that both ion-pair formation and reaction rate increase 
conÎ+iïCreHSe ln th? dielectric constant of the solvent. Rate 
constants and association constants at 25, 35, and 43.50C as well 
as values for several thermodynamic functioä were printed 

/„-.t'l811'11131’ SeCond order data were obtained by A.D. Little Inc (8) 
iStÄ leucocyanide in ethanol soiuïL. IdL 
both thie f^ng rate is dependent on the concentration of 
both the triphenylmethane and cyanide ions. The rate is further 
thatiif ^■by th! choice of anion since experiments showed 
that the fading rate is also proportional to the basicity (pK,_) 
of the anion. ADL warned, however, of the possibility of obtaining 
a basicity-sensitivity (basicity-efficiency) effect. Additional ^ 

18 



fading rate data were obtained for eight triphenylmethane leuco- 
cyanides, including N.N.H« ,N' ,N'' .N1' ,-Hexa- (2-hydroxyethyl)- 

pararosaniline, Brilliant Green, Pararosaniline, Crystal Violet, 
New Green, Malachite Green, Brilliant Blue, New Yellow, and 
Doebner’s Violet in aqueous dimethyl sulfoxide. 

Spectral Studies. Optical density, luminous density and 
ultraviolet spectral data have been presented by numerous authors 

for specific compounds. The most extensive density and spectral 
data were presented by ADIA8), for the leuco and colored forms of 

1? triphenylmethane derivatives. In addition to individual 

compounds, ADL studied mixtures. The best of these, a mixture of 

Pararosaniline, Brilliant Green and N,N,N',N',N",N"-hexa- 
(2“hydroxyethyl)«pararosanilin© leuconitriles in aqueous dimethyl 

sulfoxidea had an attainable luminous density of 2.2, Dependency 
of luminous density on environmental factors such as solvent 

composition is indicated by the ADL data, showing a decrease in 

luminous density from 202 to 1,95 with incorporation of ethanol 

into this solution in place of some of the dimethyl sulfoxide. 

This change was accoraparded by a decrease in the fading rate,’indi- 

(^ff*^*'* possible relationship between fading rate and sensitivity 

_Allinikov(21) reported, for Malachite Green, a maximuni optical 
density of 2.5 in aqueous bisulfite alone and 2.0 in aqueous 

bisulfite with papain. No specific visible wavelength was given 

for these measurements. Direct comparisons of these data cannot 
be made because the ADL data are luminous densities whereas the 

Allinikov data are optical densities and the activation energies 
used to achieve these densities are not reported. 

J. Synthesis. Synthesis data have been presented by nearly 
all authors for specific compounds under study but it is not 

within the scope of this review to discuss all the compounds. 

However, two sources of synthetic data are especially worthy of 

mention. 1) Tobin et al.reported an improved method for 

preparation of leuconitriles in which dimethyl sulfoxide was used 
as the reaction medium in place of water. This eliminated the 

necessity for tedious recrystallization steps because the leuco 

product is soluble in the reaction medium and will not precipitate 
with occlusions_as it does from water. 2) The A.D. Little, Inc. 

reportV ) contains syntheses of 19 triphenylmethane derivatives, 
borne of these are complete syntheses while others are preparations 
oi leuco compounds from the colored chlorides. 



VI. CONCLUSIONS AND RECOMIENDATIONS 

number of trip^lÎethanrcoÏpoS havi^jelatifeirbr11 d 
tiens in ring substituents, St it rnusTte £Íl tl\l T / a~ 
by now that although a large amount of high quality wSk htf^ 
performed with a few of these compounds, phoïoSroïism in n 
tnphenylmethanes is still not thoroughly understood THp 
mechanisms discussed are still postulatSnTaS S+?: Ï L 

photoLSiôí «S/õrsr«^?1?ed î° dats “ “»““•= «'»t 

than have beeniis^’r^neiT^eiS havf J®8» raised 
been sugrgrest,ed An -bha nw~. . ,, , r ^xpôrimentation have 
»ork. Typical "questions rSSd'SS^ Sttf«" 
approximately unity in ethanol but only a quarter of tM,^ + 
another hydraulic solvents why is the forSaS reacîionln ’ 

äSo^mStsTÄ f/TA^elTirand îhe back 

compounds^fluoresce at^líer” St™ S°lutions; 
at "higher" temperatures? NumerouseexDerimpn+d photochromisra 
will be devised to answer these questSS otW^ ^ preSUmably 
ty studying past research efforts ares WOrk suSSested 

of equivalent total iSiaS. 'al“d unier »ther conditions 

the optici de^S^^S s1lSrV^ 0te,B'= "lth 

in open vs. closed containers^19 mechani3m 18 bisulfite solutions 

A-|ön+~ Stu^ of the Photochromie mechanism in terms of 
lectronic transitions between the colorless state and +h* k 

ionic and/or free radical colored state/ observed 

20 



5. Quantitative measurement of the rates of the forward 
reaction at various levels of. irradiance both during flash and 
constant irradiation photolysis. 

+u +1- Measurement of quantum yield data in hydroxylic solvents 
other than water and alcoholD for example, glycols. 

21 
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APPENDIX A 

STRUCTURE OF TRIPHENYIMETHANE DERIVATIVES AND REUTED COMPOUNDS* 

HS? " “-sââ.. 
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J 
f 

SO^Na 

Acid Blue 93 
CI No 42780 

Cl- 

+ 
C Cl 

NaO^S 
Cl- 

NH 

SO^Na 

Acid Green 3 
CI No 42085 

NaO^S 

N - CH, <3 
x SO^Na 
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Acid Green 5 
C I No 42095 

ch2- 

Acid Green 9 
C I No 42100 

NaO^S 

Acid Violet 17 
C I No 42650 

N 

Cl 

Cl 

CH 
|2 5 
N . 

C H 
.2 5 
N . 

< 

i 

\ 

i 

Acid Violet 19 See Acid Fuchsin 



Auramine H01 

NH 
II 

N(CH ) 
3 2 

Basic Fuchsin 
See Fuchsin 

Benzaurine 

HO 

•i 

er 

o- OH 
Brilliant Blue (New Solid Green) 
C I No 42025 

(cv2»^3- 
C1/—V 

ci 
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tef 

í 

Brilliant Green 
C I No 42040 

%>/ -O- N(C H ) 
2 5 2 

Crystal Violet 
C I No 42555 

<°y/ -Q- 
N(CH ) 

Doebner^ Violet 

HrtN 0^0 NH. 

Cl 

Fuchsin (Basic Fuchsin) 
C I No 42510 CH 

y*w~ o+ -O- NH 

cr 
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í 4» 

N-Hexa(2-hydroxyethyl) Pararosaniline 

(HOCÍLCHJ N 
c 2 2 N(CH CH OH) 

Hydroxyethylated Pararosaniline See N,N',N" - Tris- 

( 2-hydro3iyethyl )-pararos aniline 

Malachite Green 
C I No 42000 

(°Va» -O“ T°+ 
cr 

Methyl Green 
C I No 42590 

v5(v/+ -TV 
w 0+ ”(0%,2 

Br Cl- 
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f«fo ^253^ Mixture of methylated Pararos anilines - all stages 

nh2 
New Fuchsin 

C I No 42520 

HqC Cl" OH 

New Green* 

0-0 n(ch3)2 
New Magenta* 

OCH, 

♦Name used by A. D. Little, Inc. 



New Orange* 

*>”-0 •• 0 OCH 

ai 
New Red* 
C I Natural Red 7 

CH 

'0-O- 

New Solid Green ^ee Brilliant Blue 

New Yellow* 

0 
’“Name used tjy A„ D„ Little, Inc. 



Pararosaniline 
c I No 42500 

"O c" -O- 
Phenolphthalein 

Rosaniline See Fuchsin 

RçÍEaniline Red See Fuchsin 

Sevron Green B 

G I Basic Green 3 
No Cl Number 

Proprietary compound of DuPont- 
exact structure not revealed. 

Intimated to be a close relative 
of Victoria Green a derivativ 
of Malachite Green, 

Tris ( 2-hydroxy ethyl) pararosaniline 



Victoria Blue 
C I No 41595 

IHGH 
2 5 

wcyc* -q-»(c2h5)2 

Victoria Blue B 
C I No ¿14045 

NHC.H 6 5 

(CH3)2N -O- C+ -(3-(-) 

Victoria Blue R 
G I No 44040 

■o*. TV N(CH ) 
3 2 

mm 
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TABLE 1 

SPECIFIC COKDDCTXVIÏT OF A SOLUTION OF • : 

MALACHITE GREEN CYANIDE^8) 

Temperature: 25°C Solvent: Absolute Ethyl Alcohol 

Concentration of Solution: 0.001N Light Source: Mercury Quartz Lam. 

Conditions 

Original solution 

After illumination for 2 hours 

In the dark: 

after 2 minutes 

after 5 minutes 

after 41 minutes 

after 4Ó minutes 

after 51 minutes 

after 2 hours 49 minutes 

aTter 5 hours 

after 23 hours 45 minutes 

after 30 hours 22 minutes 

after 51 hours I5 minutes 

Specific Conductance (k) x 10^ 

(ohm--*- cm"-*-) 

3.5 

35 

31 

27 

14 • 

13 

12 

6 

4 

3 

3 

3 



TABLE 2 

SPECIFIC CONDUCTIVITr OF PARAROSANILINE CYANIDE(9.18) 

Temperature :* 25¾ Solvent. 4b3olute 

Concentration 0.001N 
Light Source: Iron-nickel 

Arc Lamp 

Specific Conductance (k) 
(ohm-l cnfl) 

After illumination for 1 hour 

After illumination, 1-3/4 hours 

After illumination, 2 hours 

In the dark after 19 hours 

After additional illumination, 20 minutes 

After additional illumination, 45 minutes 

After additional illumination, 1-1/2 hours 

In the dark for an additional 66 hours 

After additional illumination for 1-1/4 hours 

After additional illumination for 2-3/4 hours 

In the dark for an additional 18 hours 

After additional illumination for 3/4 hour 

After additional illumination for 3-1/4 hours 

After additional illumination for 4-3/4 hours 

After an additional 106 days in the dark 

18 

2? 

41 

37.5 

48.5 

53 

72.5 

51 

70.5 

100 

68 

82.5 

86.5 

91 

52.5 

0a”i8,ä ”* at measurements 

^Alcohol conductivity was 3 x lO"? to ? x 10"7 ohm“1 cm"1 



TABLE 3 

SPECIFIC CONDUCTIVTTÏ OF A SOLUTION OF 

CRISTAL VIOLET CYANIDE ^ 

Temperature s 25°C « 

Conditions 

Solvents Absolute Ethyl Alcohol 
■■ • • # « , . 

Light Sources Mercury Quartz Lamp 
■ 

Specific Conductance (k) x 10? 

(ohm"^- cm”^-) 

Original solution0 in dark 

After illumination for 2 hours 

In the dark for 1-1/2 hours 

After additional illumination for 4-1/2 hours 

with an iron-nickel arc lamp 

After additional illumination for 8-1/2 hours 

with an iron nickel arc lamp 

In the dark for 66 hours 

After additional illumination for 12-1/2 hours 

with an iron-nickel arc lamp 

In the dark for 18 hours 

After additional illumination for 19 hours 

Nearly 0 

27*5 

25 

36 

39*5 

38 

43.5 

42.5 

with an iron-nickel arc lamp 43 



TABIE 3 (Cont*d) 

Conditions 

SPECIFIC COÎOUCTIVITI OF A SOLUTION OF 

CRYSTAL VIOLET CYANIDE 

Specific Conductance (k) x 1Ö? 

(ohm-^* cm"^) 

After additional illumination for 22 hours 

with an iron-nickel arc lamp 

In the dark for 20 days 

After additional illumination for 20 hours 

with an iron-nickel arc lanp and I-I/2 hours 

with a mercuiy quartz lanp 

In the dark for 20 hours 

After additional illumination for 22 hours 

with an iron-nickel arc lamp and 6-I/2 hours 

with a mercury quartz lamp 

46.5 

24 

42 

31 

56 

41 
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