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ABSTRACT OF THE DISCLOSURE 
The disclosure herein relates to reversible phototropic 

systems, compounds and compositions and the discovery 
of photochromic structures which regularly undergo re 
versible phototropism as photo-induced reversible color 
change in water and water containing substrates including 
particularly the control of their back reactions and the 
method of use thereof by providing a multiple color and 
color change indicator and/or light filters. 

This invention relates to the discovery of water soluble 
reversible photochromic systems, material therefor and 
the method of use thereof to provide a color indicator and 
color change with ultraviolet light, in conjunction with 
additional control provided by the lifetime of their back 
reactions, and to modulate the output of lasers, the design 
of optically operated light valves and optically determine 
flow and provide for other characteristics in aqueous con 
taining fluids and films. More particularly, this invention 
and discovery relates to the method of providing for 
color change in aqueous compositions by application and 
control of the pH of water soluble aromatic photochromic 
nitro compounds providing ionic structure, in aqueous 
mediums, wherein an aromatic carboxylate group is para 
or ortho to a -CHR substituent which also has a nitro 
group, or groups, in the ortho or para position relative to 
the -CHR group, with the nitro group and the aromatic 
carboxylate group on the same or another aromatic ring. 
Essentially and preferably the most efficient reversible 
water soluble aromatic nitro carboxylate ions are those 
wherein a carboxylate group is ortho to the CHR2 with 
an aromatic nitro group in the para or ortho position rela 
tive thereto. This new disclosure herein particularly pro 
vides for the method of utilizing the reversible photo 
chromic aci-anion properties thereof in conjunction with 
effecting color changes under a controlled pH range in hy 
droxyl solvent material with ultraviolet light. 

Heretofore, certain aci-anions, as produced from decar 
boxylations, do not form reversible processes and other 
known photochromic reactions affecting photo-induced 
color change. Some were only slightly water soluble and 
required o-nitro groups. Thus, the art is in need of in 
creased knowledge of more readily reversible phototropic 
materials and compositions containing chemical structures 
that provide reversible photochromic proprties in conjunc 
tion with the determination and provision of pH control 
of aqueous solutions or compositions thereof. These, to 
serve as optically active agents in cell or films filters, for 
modifying and timely controlling the output intensity of 
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visible, ultraviolet, and laser beams, in addition to mak 
ing it possible to effect a color indicator and provide for a 
color change in aqueous containing mediums, at low and 
high temperatures. Further, enabling the control and 
determination of flow and other charcateristics under 
visible light conditions and treatment with ultraviolet 
light. 

Accordingly, it is an object of this invention to provide 
the art with the new knowledge of water soluble reversible 
aromatic carboxylic ion structures that show reversible 
photochromic properties functioning as optically active 
indicators and light valves in hydroxyl mediums. 
Another object of this invention is to provide the art with 
the discovery and advancement of technical knowledge in 
the method of utilizing water soluble phototropically re 
versible p-nitrobenzyl structures providing photochemi 
cally induced absorption change, in aqueous solutions, 
aqueous mediums, or hydroxyl solvent material, and spon 
taneously reverting to the initial absorption spectrum in 
the absence of activating light. . 
An additional object of this invention is to provide the 

art with the new knowledge of water soluble photo 
chromic ion structures of para-nitrobenzyl derivatives 
which readily undergo reversible phototropism in con 
trolled aqueous solutions or aqueous mediums and the 
method of application thereof therein. 
A further object of this invention is to provide a method 

of obtaining an indicator color in combination with a 
photolyzed color change. 

Further objects and advantages will be recognized from 
the following description and illustrative examples of re 
versible aromatic photochromic carboxylic compounds, 
with para- or ortho-nitro group or groups on the same or 
another aromatic ring, which function as producing an 
indicator change and optically activated reversible light 
valves and in other processes generally typical of ultra 
violet activated photochromic materials. 

In the drawings: 
FIG. 1, is illustrative of fading being a function of pH; 
FIG. 2, is further illustrative of FIG. 1; 
FIGS. 3 and 4, are illustrative of flash conversion of a 

photochromic compound and determination of an acid 
point; - 

FIGS. 5 and 6, are illustrative of the effects of photo 
tropism of an alkyl-nitrobenzyl ion material in dilute 
aqueous bases; 

FIG. 7, is illustrative of phototropic control of a laser 
with repeated ultraviolet exposure. 
The types of chemical structures herein provided hav 

ing reversible photochromic properties produced by the 
aci-ion structures in aqueous solutions and aqueous con 
taining compositions of controlled pH on the order of 2 
to 14 are: 2-(4-nitrobenzyl)benzoic acid, 2-(2-nitro 
benzyl)benzoic acid, 2-(2,4'-dinitrobenzyl)-5-nitrobenzo 
ic acid, 4-(4-nitrobenzyl)benzoic acid, 4-(2'-nitrobenzyl) 
benzoic acid, 5-nitro-o-toluic acid, 3-nitro-o-toluic acid, 
4,4'-dinitrobenzyl-2, 2'-dicarboxylic acid, and the ioniza 
ble water soluble organic and inorganic salts of the above. 
Such salts may be water soluble ammonium, sodium, po 
tassium, lithium, barium, stronthium inorganic salts, and 
the water soluble amines and the like organic salts. 
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In general the basic ion structures herein provided are 
reversible photochromic carboxylic ions characterized in 
water containing compositions as having the para-nitro 
structures: 

5 

OO- b OO 
(A) (B) O 

os-(O)-en-en-CO)-so 
C) 

COO- COO- I5 
( 

-ooc-(O)-CH-(O)-No, 20 
(D) 

of which the para-carboxylate is least efficient. Preferably 
the reversible photochromic nitro structures are those in 
which an aromatic carboxylate group (or groups) is ortho 
to a -CHR2 substituent, where R2 is hydrogen or other 
carbon and hydrogen chain groups and which also has a 
nitro group, or groups, in the ortho or para position rela 
tive to the -CH groups, as: 30 

No. 
KO). ON-g O 3-ch-(O)-No, 

OO- O O- No. 35 

(E) (F) 

2 5 

-CI- 40 (O-O.) 
Additional examples of such aromatic carboxylic com 
pounds which may be applicable herein are provided by 
the following: 

r 

on KO)- 11-(O)-N O2 50 
COO 

(II) 

55 

doo 
() 60 

No. 
CE- -NO oN-KO)-cit, 65 

COO- NO too 
(J) (K) 

No. NO O 

or (Co(O) to O O- OO 

(L) 75 

4 
N 

(C) {O) to OO 

(M) 

-(CKO)-so OO 

(N) 

and the like, including mixtures of the same. 
The nitrobenzyl compounds with the ortho-carboxylate 

group or groups undergo photochromic reactions more 
readily and efficiently than those without such carboxylate 
group. 

EXAMPLE I 

An example of a photochromic device using these ma 
terials was obtained simply by dissolving a small (trace) 
amount of mixture containing 2-(4'-nitrobenzyl)benzoic 
acid and 2-(2'-nitrobenzyl)benzoic acid in a dilute 

NHOH 
(slightly alkaline pH 6) solution. When placed in a glass 
or quartz cell, this solution readily turned from colorless 
to a dark yellow upon exposure to ultraviolet light of less 
than 4000 A. Upon removal of the ultraviolet light, the 
solution returned to colorless. When these cells were used 
as filters in front of a mercury arc that emitted both ultra 
violet and visible light, these photochromic solutions auto 
matically self-attenuated the output intensity of the lamp 
at its 4040 and 4360 A. lines. 
When these cells were used as filters (not shown) in 

front of a mercury arc that emitted both ultraviolet and 
visible light, the photochromic solutions atuomatically 
self-attenuated the output intensity of the lamp. This was 
found to be optimum at its 4040 and 4360 A. lines. 

Further, the output and selection of wavelength of a 
laser beam, with an auxiliary ultraviolet light source, was 
controlled in either case by placing the photochromic filter 
inside and externally of the laser cavity (not shown) and 
controlling the ultraviolet light. 

EXAMPLE II 

An example of a photochromic control or modulation 
of lasers, for example of a pulsed argon-ion laser operated 
at 60 p.m. min., is illustrated as follows: 

Photochromic solution=10-2 M sodium 2-(4-nitro 
benzyl)benzoate in aqueous solution of pH 10. (bornte 
buffer solution) 

Cell=1 cm. (path length) spectrophotometer cell 
placed inside the laser cavity. 

Activation=30 sec. exposure to UV black lamp 
(medium pressure mercury lamp filtered for 3660 A. line) 

Intensity, relative 
Results (time): of laser beam, percent 

Before exposure -------------------------- 100 
Just after exposure (0 sec.) ---------------- 50 
25 Sec. after exposure -------------------- 66 
55 sec. after exposure --------------------- 83 
100 sec. after exposure -------------------- 92 
240 Sec. after exposure -------------------- 100 

Thus, ultraviolet photochromic activation of this solu 
tion inside the laser cavity was used to control the out 
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put intensity of the argon-ion laster, particularly its "blue' 
emission lines at 4579,4765, and 4880 A. and to a smaller 
extent its “green' lines at 5017 and 5145 A. 

This could also be done with the cell outside of the 
laser cavity, but the effect is then not as large. 
As illustrated in FIG. 1 the rate line 10 for the back 

(fading) from photolysis of 2-(4-nitrobenzyl (benzoate 
ion solutions, at controlled pH values, is constant with a 
slope of -1 calculated by the formula: 

log tap- - pH -- log(Ka) 
and as hereinafter more specifically set forth. The dashed 
curved line 11 illustrates a deviation from linearity at 
low pH. The curve points are a function of pH obtained 
by measuring optical density with reference to time. 

FIG. 3, is illustrative of an initial conversion by flash 
photolysis of the 2-(4-nitrobenzyl)benzoic ion in aqueous 
pH solution and demonstration of a determined pK value. 
The ion form 

NO 

CE -NO 

is photochromic whereas the form is not photochromic. 
FIG. 4 is similar to FIG. 3 illustrating a similar initial 

conversion by flash photolysis of the 2-(2-nitrobenzyl) 
benzoic ion in aqueous pH solution and use in deter 
mination of pK value, or color change effected as herein 
after exemplified. Thus, relative to pH value the acidity 
of the reaction is determined, for example for FIG. 3 by 
the formula: 

|KO (O-)-. 
Ks 

COOH 

and in FIG. 4: 

KO) "-Q) II+) COO- NO2 
K=- 

K O > -o) co OH NO 

The life times y of these colored species s1/kapp e.g. 
if k=10–2, y= 1/10-2=100 seconds. Typical condi 
tions for these solutions: 
photochromic material aqueous solution concentration= 

K in 10-4-10-5 M 
pH as indicated usually with a buffer 
the solutions are contained in 5 cm. to 7 cm. cells and ex 
posed by flash exposure with a xenon flash tube, v 18 
joule input. 

FIGS. 5 and 6 are illustrative of the photochromic 
conversion patterns of water soluble phototropic ion ma 
terials dissolved in dilute aqueous base of typical con 
centrations of photochromic s10. M in 1 cm. films (or 
cells) of approximately pH 12, upon 30 seconds' exposure 
with 3660 A. “black lamp' ultra-violet source. The 
spectrum of FIG. 5 is the phototropic ion material 

(O) cul-(O)-so 
COO 

O 
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6 
and the spectrum of FIG. 6 is of the phototropic ion 

ON 

COO- NO 

as derived from the acid form of each respectively. 
The following are illustrative of photochromic con 

versions with the indicated ion and ion forming com 
pounds in typical concentration of photochromic ma 
terial, as indicated, and the color changes effected with an 
indicator: 

EXAMPLE III 

(a) A typical aqueous solution of 

ON- -CH 

COONa 
at a temperature of 25 C. containing phenol phthalein 
indicator adjusted with 0.01 N base until pink 

2 yellow 
(b) The same solution with no indicator, with a pH 

meter 

pink 

UV 
pH 9.2 (2 pH 8.7 

(c) An aqueous solution of typical concentration of 
the photochromic ions 

(1) With phenolphthalein 

red pH 9.5 x 2 yellow pH 9.2 
(2) Using pH meter without an indicator 

UW 
pH 10 colorless 2 pH 9.2 yellow 

As indicated, these photochromic reactions cause a 
reversible change in pH, thus providing an additional 
change when a suitable indicator is present, under low 
temperature conditions as illustrated by the following: 

EXAMPLE IV 

(a) Typical concentrations of s 10-2 to 10-1 M 

OONa 

in a dilute base were prepared for exposure with UV 
light: 

(1) At 0 C. (nitrogen bubbled to remove O), using 
phenol red (Indicator range 6.8 yellow-8.4 red), with ad 
justment of indicator color to slight red with HSO 
(pH~8.0). 

UW 
pH~8.0 red (2 yellow-orange pH-7.2 

(2) At 25 C., using phenolphthalein 
range-coils-is, 

-adjusted pH (color) with 0.1 N HaOH & O.02O HSO 
UV 

pink pH~94 (2 yellow pHa-9 
fast return 

red pH r9.6 yellow-orange 
fast return pH-9.2 

(3) At 25 C., using thymolphthalein in solution with 
20% ETOH 

colorless blue UE 
range =9.3-0.5 blue k green 

slow return 

In the above examples it was discovered that the color 
change works best in the pH range of 5 to 9, although 
operable in unbuffered solutions of pH-4 to 10 upon 
exposure with ultraviolet lamp or flash. 

Various mixtures of the above components were pre 
pared in aqueous base solution and illustrate the follow 
ing photochromic properties of activation and decay or 
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lifetimes when used as filters under the control of ultra- to a degree irreversibility in their phototropism, particu 
violet light: larly in the upper pH range and in the presence of oxygen. 

TABLE I.-PHOTOTROPIC COMPOUNDS IN AQUEOUS BASE 
Photochromic species from UV photoysis a 

U.S. SOORS aMar. at pH 7.0 
Corapound AMr., mp. Acl-type structure Mr. r 
5-nitro-o-toluic acid. ------------------------------------ 284 362 8.7 

ON =CH 

O. Ow 

4,4'-diuitrobibonzyl-2,2'-dicarboxylic acid---------------- 286 wo 372 55 

ON- H-CH-CO)-No. 
O- -oo: O 

2-(4-nitrobenzyl)benzoic acid--------------------------- 287 400 0.44 
-C NO 

OO 

4-(4-nitrobenzyl)benzoic acid--------------------------- 283 425 75 
OOC- C cNO 

a Xenon flash lamp exposures filtered with Corning CS 7-54 filter. The lifetime r= where kapp is the apparent first o t 
b From photolyses in the pH range 19to 12. Measured with 2x10-5M. stant at pH 7. fkapp, p pparent rder rate con 

solutions, near 25, in phosphate buffer, outgassed on a vacuum line. 

Further illustrative of spectral activity in aqueous base Accordingly, where speed of back reaction is necessary, 
is the following table: they are best operable in substantially oxygen-free aqueous 

35 solutions in the lower pH range, in combination with a 
TABLE II proton acceptor. 

UV photoylized The preferred photochromic compound, as indicated, are 
Compound forming, the corresponding nitro- solutions, the water soluble p-nitrobenzo carboxylic derivatives which 
benzyl benzoate ion aqueous anion more readily and efficiently undergo phototropism. The 
2-(4-nitrobenzyl)benzoic acid---------------------- Yellow 396. 40 reaction is particularly efficient when an aromatic car 
2-(2-nitrobenzy) benzoic acid.------------ -- Yellow, 398. s 2-(2,4-dinitrobenzyl)-5-nitrobenzoic acid-- - Purple-red, 465. boxylic group is 0 to the methylene part of a p-nitrobenzo 
4-(4-nitrobenzyl) benzoic acid---------------------- Yellow, 420. structure. These compounds appear to follow an over 

i 1.5, O free, pH 13. all general reaction process of: 
NoTE.-Absorption maximum given in nin. 

hy 

An example of using these photochromic structures 45 Nitro (2 aci-anion + Hit 
in a film form is exemplified by the following: a film com 
position consisting of an aqueous solution of pH= 10 wherein the photolysis reaction causes the transfer of a 
containing one percent of a polysaccharide thickening methylene hydrogen, to a more acidic site, and also con 
agent, and 0.1 M sodium 2-(4-nitrobenzyl)benzoate was 50 verts the tetrahedral methylene structure to a planar 
contained in a sandwich glass cell with a path length of methine structure. Each of these reaction factors tend to 
0.017 cm.; a 5 sec. exposure with a 200 watt super high stabilize the transient photochromic properties of the 
pressure mercury arc; immediately produced a bright above. The orthocarboxylic group provides six-membered 
yellow color which faded rapidly in the absence of the ring pathway for the photochemical transfer of hydrogen 
activating light. This process was repeated many times. away from the methylene (or methyl) group. The aromatic 

In aqueous base solutions, the photochromic effect nitro group serves the dual role of absorbing ultraviolet 
of the o-carboxylic acid is enhanced and made more light to initiate the reaction and as a substituent favoring 
efficient by the presence of an added proton acceptor. For the formation of a metastable planar methine structure. 
example, an aqueous solution that is 2 M in sodium As indicated, the nitro group does not need to be on 
acetate buffered with sodium hydroxide, or other alkaline 60 the same aromatic ring as the other group involved in 
material, to a low pH range improves pH range photo- the hydrogen transfer. For example, the following illus 
tropic reversibility in that the rate of the back reactions trate a mechanism for the photropic reaction of the above 
are faster. All of these p-nitrobenzo compounds show compounds: 

p 

k 
OO 

k k 
(a 5x10 sect) (ax101 Mi sect) 

OO 
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and the kinetics mechanism of the photochromic fading 
reaction is illustrated by that of 2-(4-nitrobenzyl)benzoate 
ions, as follows: 

{O)-CH-CO)-No, 
boo 

10 

hy 

2 (O) -NO k 
OOH 

k 2 

OO 

Or. in simplified symbols: 

hu ki 
A HB- th-B- ka 

Where, k/k=K=(H+) (BF)/(HB). 
The initial assumptions for a kinetic analysis are that 

k is the rate determining step of the photochromic fading 
process, and that there is a prior equilibrium of HBT with 
B- and Hit (i.e. that k<<k and ka). 
At pH>6: The dissociation constant K is near 10. 

Thus, at pH'se-6 there will be very little HB present, and 
the spectroscopically observed photochromism (at 400 
mu) will be due entirely to Br. 

d(A) =b, (HB) 
O 

-)-(Hi) (B-) 
At a given pH, 

d(B) -ka (H) 4.--'go?al 
ln (B) = -t-T-C 

where, ka-ka (H+)/K or log (kap)=-pH--log 
(ka/K). Thus when the pH>6, a plot of log (kap) versus 
pH will have a slope of -1. If one assumes that K is 
1x10, then k=3 x 108 sec.. Since k would be about 
5X10 (a typical value for other carboxylic acids), then 
klas SX106. 

In general the concentration of HB cannot always be 
ignored, particularly at pH <6. In general, with a spec 
trophotometric analysis of the fading reaction, both HB 
and B can be observed. Thus, in general let (P)=total 
conc. of photochromic species: 

P- (B-)+(HB-) = (B-)+(B) 
=(B-)1+(E--)-.(HB-) 

-i (H')(B) ;) - (H) (P) : 
At a given pH, 

E-kE dt (P) LK+ (H+) 
ln (P) = -ket--C 
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Further illustrative of the aci-acid reaction and equilib 
rium condition at pHC2 for the following: 

O OB 

O OB 

k 
2 
k 

and the rate of the following direct recombination re 
action takes place. 

or HB--- H+ HBH, where K'=ks/k 

HB-+ H* - A 
The kinetics of the photochromic repetitive fading re 

action follow the above over several orders of magnitude 
(milliseconds to hours.) in the pH range of about 3 to 11. 
The values given for k above is based on the apparent 
rate constant and assumed ionization constant of 

The value of k is comparable to that formed for car 
boxylic acids "Survey of Progress in Chemistry" vol. 3, 
p. 81 (Academic Press, 1964). 

FIG. 7 is illustrative of an application and use of a 
change effected by phototropic control of a cw helium 
neon laser with application of repeated ultraviolet pen 
light exposures in combination with the laser beam. Uti 
lizing, for example, 2-(2,4-dinitrobenzyl)-5-nitrobenzo 
ate phototropic ion material (10-10M) in aqueous 
phase containing a buffer (as sodium methoxide), at a 
nearly neutral pH in thin film form (2 cm. path length), 
as a film in the laser cavity, serves to substantially cut-off 
the laser intermittently in the order illustrated. In the 
drawing, the repetitious dotted lines represent the period 
of activation of color change under exposure of the 
phototropic film material to ultraviolet light used to 
modulate the 6328 A. output of the He-He laser. In this 
case the UV pen light was in effect turned off and on by 
flicking back and forth over the photochromic film, there 
by providing manual modulation frequency of laser beam 
transmission. As evidenced by the phototropic reactions, 
the laser output is highly sensitive in controlling the out 
put characteristics of lasers with an auxiliary light source. 
This provides a very sensitive and repeatedly reversible 
optical control for the modulation of output light intensi 
ties. By using various photochromic materials and com 
binations to perform as "optical grids,' control of the Q 
of the laser cavity (amplifier) and the output of the laser 
is provided. 

Alternatively, the laser can be considered as an optical 
amplifier which multiplies the effective absorbance re 
corded by a photochromic material. In this sense, the 
laser may be used to help overcome a photochromic ma 
terial of relatively low sensitivity. For example, if a 
photochronic material normally requires an activating 
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energy of 100 mj./cm. to reach a 90% attenuation level 
(O.D=1) then inside the cavity the same material would 
shut off about 90% of the laser intensity with an activat 
ing energy of only 1 mi./cm., thereby providing, for ex 
ample, a more exacting control of the light beam, or for 
example, control of either or both laser beam and ultra 
violet light used for patient treatment in the medical 
fields. In this respect, the water soluble photochromic ion 
material may alternatively be incorporated in an aqueous 
containing cell or film and used only with the ultraviolet 
light to provide a control or modification of the wave 
length, duration, or intensity thereof, if desired. 

In conjunction with attenuation of an argon-ion-laser 
containing a sample of phototropic film material, as here 
in provided, in the cavity, ultraviolet light exposure was 
used to convert the photochromic sample in the cavity 
and the effect on the laser was followed as a function 
of time. Exposure of the samples inside the cavity ini 
tially shut down the laser output completely, although the 
absorbance of the samples was only about 0.2. As the 
photo-induced color gradually faded (thermally), the 
laser came on again at a greatly reduced intensity. This 
reduced intensity is correlated with "effective absorb 
ance" and the thermal effect of the laser beam appeared 
to accelerate the return rate of recovery to zero absorb 
ance of the cavity samples. Thus, there is provided a 
number of applications of the water soluble phototropic 
ion materials as soluble, reusable, filter material for light 
control systems, as optical monitors for laser modulation, 
laser mode selection, image amplification, amplitude 
modulation and wavelength selection. This also includes 
personally or automatically governed reactions with me 
dium, slow or fast return times, used as fast shutters, 
rapid modulators, or application of the photochromic 
material as the response medium with which one laser 
can control the output of another in a master-laser, slave 
laser arrangement, as the operator selects and desires to 
suit his purposes. 

Having described the present embodiments of my dis 
covery in accordance with the Patent Statues, it will now 
be apparent that some modifications and variations may 
be made without departing from the spirit and scope 
thereof. The specific embodiments described are provided 
by way of illustration and are illustrative of my discovery, 
invention or improvements which are to be limited only 
by the terms of the appended claims. 
What is claimed is: 
1. An aqueous solution of a water soluble photo 

chromic nitro compound which has a reversible photo 
chromic property under the influence of ultraviolet light 
and is selected from the group consisting of a diphenyl, 
triphenyl or bibenzyl structure providing in aqueous solu 
tion an anion of reversible photochromic structure se 
lected from the group consisting of: 

O O 

(C-Q) OO- No. 

O 
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2. The composition of claim 1 contained in a solution 
wherein the pH is in the order of 2 to 14 in combination 
with a color indicator. 

3. The composition of claim 1 wherein the reversible 
anion structure is a diphenyl methane having a carboxylic 
group ortho to the methane group and a nitro group ortho 
or para to the methane group and on the same or different 
aromatic ring. 

4. A composition of claim 1 wherein the reversible 
aromatic ion structure is a p-nitro carboxylic ion contain 
ing a methylene group with the carboxylic group ortho 
or para to the methylene group and the nitro group on 
the same or another aromatic ring. 
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