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ABSTRACT

With the specific objective of developing a plastic or coating
composition having strong near-infrared attenuation and high visible trans-
mittance, a number of organic compounds were prepared and along with
many compounds from chemical files were examined spectrophotometrically
in solution. Those with near-infrared absorption were incorporated into
plastics by one or more of the following methods: solution casting, milling
and molding, monomer casting, burnishing, or dyeing. Absorption proper-
ties were then measured and light stabilities were determined after accelerated
light exposure tests.
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I. JINTRODUCTION

In order to give complete protection to the human eye when it is
exposed to the high intensity thermal rediation from muclesr weapons, it is
necessary to attemiate the infrared portion of the electromagnetic spectrum
between T50 and 2000 m 24 Infrared-sttemuating coatings or plastics that
would be useful for this purpose were investigated. Protective devices,
such as goggles, would be opague to infrared radiation but transparent to
vieible light during normal usage.

The specific requirements call for a plastic material or coating
having at least 85% transmittance of visible light in the range between
koo d 700 ms4 and at most 1% transmittance of infrared light between 750
and 2000 m«. These transmittance values would be obtained with 1/k-inch
thickness or less of the plastic. 'The optical properties of the plastic
material should not be &ffected by thermal shock or changes in tempersture
and pressure. Alsc the plastic should possess good storege stability, high
optical clarity and scratch resistance. Coatings, in addition to the above
properties, must have good adhesive characteristics.

IX. METHODS OF AFFROACH

Infrared light can be ettemuated either by absorption or by
reflection. This can take place in the plastic itself or in a coating on
the plastic.

The essential reguirement, a coating or piasstic with a spectro-
photometric transmission greater than 85% between 40O and 700 m. and that
aleo has less than 1% transmittance between 750 end 2000 mu, could be met
by incorporating into a resin adeguate quantities of additives that would
impert the desired properties, without essentially sltering the other
physical properties of the coating or plestic. The types of additives that
could be used are as follows: -

a. Compounds heving strong electronic absorption in the near
infrared with visible transmission. Such compounds would
absorb the infrared portion of the radlant energy.

b. Compounds having strong vibrational sbsorptions in the
1200 to 2000 m 4/ range. Such compounds would also absorb
the infrared portion of the radiant energy.

¢. Colorless pigments having the same refractive index in the
visible as the resin in which they are incorporated, but
a different refractive index than the resin in the infrared.
Such products would attenuate infrared through scattering
(Christiansen filter effect).



A second approach is the formation of a mirror-like coating of a
strong infrared-absorbing compound on the surface of the base meterial.
This would be done with monomeric or polymeric infrared absorbers. Such
a coating would speculerly reflect the infrared but transmit the visible
light.

In addition to obtaining the desired spectral characteristics,
appropriate physical properties must be obtained, such asg proper compati-
bility of the additives in the resins, light, heat and chemical stability.

Most of the compounds evaluated were aynthesized during the
course of this lnvestigation. In addition, an extensive screening program
was conducted on compounds avallable from the contractor's chemical file.
Those that showed nc near.infrared absorption are listed in Appendix III.

The general methods of approach, therefore, may be summarized as
Tollowse:

a. Infrared attenuation by sbscrption, including electroniec
and vibretional sbsorption.

b. Infrared attenuation by reflection, including both specular
and diffuse types.

During the course of this investigation major exphasis was placed on
method (a).

Infrared-absorbing compounds are known, but they all absordb to
some extent in the visible region. A major problem was to find an
infrared absorber with a good visible window. Very weak absorptions in
the visible might be tolerated, but preferably these should be located near
the edges of the visible region, 1.e., near 40O or 700 ma where the eye
sensitivity is less. Substantisal progress along this line was made during
the course of this work. Fig. 2, 3, &, 5, 12, 17, 19, 22 and 2k.

A second problem concerns the broad infrared range (750 to
2000 mu ) in which sbsorption is needed. Radiation in the T50 to 1400 m it
reglon should be best sbsorbed by electronic rather than by vibrational or
rotational transitions. However, because of the difficulty of obtaining
electronic transitions from 1400 to 2000 mss, compounds having vibrational
transitions between these wavelengths were also considered.

An alternate t¢ the approach of incorporating coclorless infrared
abscrbers in the plastic 1s to incorperate compounds which under normal
conditions are colorless and non-infrared sebsorbing. Upon exposure to high
intensity radiation, these products would become Infrared sbscrbing. Such
rroducts would also absorb a high or low percentage of visible light depend-
ing on the structure selected and could therefore be of interest provided
the change is rapidly reversible. An example of such a compound, which wes
prepared and evaluated, 1s 3,6-bis(dimethylamine)-9-phenylfluoren-9.nitrile
(XIVIII)*. This compound, however, did not exhibit emough of the expected
phototrople property.

*Roma? numersls were assigned compounds in order as cited in the Syntheses
section.



IIY. DISCUSSION OF RESULTS

The number of compounds known to have strong absorption peaks
above TOO mec is limited. Hmrever, some such classes of compounds ge
been reported in the literature 2,23 or developed in our laboratories o7,
The general classes of compounds investigated during this work are:

A. Fluorenol Salts

B. Triarylaminium Free Radical Salte
C. Polymethines

D. Metsal Complexes

E. Miscelleneous Compounds

These compounds were evaluated in poly(methyl methacrylate) and other
plastics.

A. Fluorencl Salts

A nurber of color salts of substituted 9-phenylflucren-9-ols
(Compounds XIT and XXIV) have been prepared during the course of this
investigation. These compounds have interesting spectrophotometric
rroperties (Tables I and II).

0 X" +

X

N(CH3)2
XII av

Although compound XXIV has a stronger absorptivity in the near infrared,

it is more highly colored than compound XII, and does not absord as far

out in the infrared. The high transmittance of compound XII in the visible
is marred only by an sbsorption pesk at 480 mut. These color salts have

a greater tendency to hydrolyze to the colorless carbinol than the analogous
triphenylmethene dye, Malachite Green. Therefore, the spectral curves were
run on glacial acetic acid sclutions of the fluorencl salts in order to
insure complete formation of the infrared-absorbing cations (XII, XXIV).

The salts of these fluorenols show the same kind of curve in
plastics as they do in solution (Fig. 1 to 6). Variations in the anion
(X~) molety of the sbove compounds has been found to ceuse a variation in
the compatibllity in plastics, in hydrolytic stabllity, and in the degree
of light stability (Table IIIS. In particular, the perchlorate salt of
XII showed the best light stability. Furthermore tmrnishing, or rubbing a



finely powdered solid sbsorber on the surface of the plastic, resulted in a
highly attenuating coating with & substantial increase in light stability
over plastic samples containing the same absorber incorporsted in solution
(Table IV). Apparently these compounds are more stable to light when in a
crystalline state. Although the burnished samples appeared hazy by trans-
misgion, the haze can be diminished somewhat by resin overcosting. Fig. 5
shows the spectral transmittance of the fluorenol salt XII ( where X is the
tetracyanonickelate anion) on cellulose acetate overcosted with an acrylic
resin Acryloid B-72. This was one of the clearest burnished samples
obtained.

0f the various fluorenocl salts XII prepared, the perfluorcbutyrate
and trifluorcacetate salts were the most competible in monomer-cast poly-
(methyl methacrylate) (Table V) and the ethane sulfonate and diphenyl-U,b'.
disulfonate salts were the most compatible in poly{methyl methacrylate)
samples prepared by milling and molding, ae evidenced by the clarity of the
samples obtained. However, in &ll the samples prepared by milling and
molding, the full absorption was not obtained (Table VI). The 0.1% of
ebsorber used was mich more than the theoretical concentration required to
give 0% transmittance at 960 m/. This may be due in part to heat insta-
bility during the milling process and/or incomplete solubility of the
gbsorber in the resin.

Attempts to incorporate these fluorenol salts in CR-39, poly-
(methyl methacrylate), or Laminac 4123 by monomer casting in the yresence
of peroxide catalyst were unsuccessful. However, this difficulty was
partly overcome by using Porophor N (2,2'-azobis/Z-methylpropionitrile/)
as the catalyst. Another method used to evold decomposition of the absorber
was to dye the compound on the preformed plastic. This was partially
successful in the case of CR-39 and poly(methyl methacrylate) samples dyed
with the tetrachlorczincate salt of the flucremol XII (Table VII).

This class of compounds in general shows poor light stability,
particularly to ultraviolet radiation. Some degree of improvement in light
stability was obtained by use of an ultraviolet -absorbing screen. As can
be seen from Table VIII, after three hours of exposure, in the Atles Fade-
Ometer, the protected semple retained 73.5% activity whereas the unprotected
sample showed only 23% activity. Considerably better light stability values
were obtained in the Atlas Xenon Weather-Cmeter (Table IX). These values
are more representative of those which would be obteined on exposure o
nstural sunlight (Fig. 7 and Ref. 18), due to the greater similearity in
relative energy distribution in the ultraviolet and visible regions.

B, Triarylaminium Free Radicel Salts

This claes of compounds showed excellent infrared absorption with
very good visible transmission. Since the visible transmission maxima are
at about 550 m/u, these compounds possesses a favorable light green color
(Fig. 8 to 1K). As can be seen from Tsble X, these compounds &l) ebsorb
strongly in the near infrared around 960 my with somewhat less absorption



at the lower end of the visible region (LOO ma). An unexpected higher molar
absorptivity was cbtained for the flucborate salts in each case over the
corresponding perchlorate salts. No obvious explanation is evident for

this difference.

The best member of this class of compounds is the hexaethyl
fluoborate derivative, compound XXX, because of its high sbsorptivity and
good compatibility. In addition, as can be seen from Teble XI, this
derivative has shown & slight improvement in light stabllity over other
menbers of this class of compounds, whose light stability in general, is
rsther low. The light stability can be improved somevhat by the use of an
ultraviolet-absorbing screen (Table XI). As was the case with the fluoremol
salts, the light stability values of membersg of this class were higher when
& Xenon unit was used as the light source (Table XI).

Difficulties were encountered in attempts to monomer cast these
compounds. Thelr infrared-abgorbing properties were destroyed due to
apparent instabllity of the compounds towerds the polymerization catalyst
used. These compounds were milled and molded into plastics with the
fluoborate salts being the most compatible and in particular, the hexaethyl
derivative. ({Note in Taeble XII their higher percent transmittance at
550 m/u.) When the perchlorate salt of the hexamethyl derivative (XXVII)
wvas burnished onto plastic, the expected increase in light stability was not
observed (Table XIII), probebly due to the high solubility of the compound
in the plastic.

Due to limitations in other methods of application of this class
of compounds, a greater emphasis was placed on develcpment of dyeing
techniques. Samples absorbing very strongly in the near infrared were
obtained when the compounds were dyed from 50% aqueous alcohol contsining
a methyl salicylate emulsion (Table XIV).

As was the cese with the fluorenol salts, attempts at vecuum
evaporation were unsuccessful resulting only in decomposed preducts.

C. Polymethines

The nain classes of compounds investigated were:

a. Substituted tetraphenylvinylcarbonium saltis
t. Xanthylomethines

These compounds in general possessed high near-infrared ebsorption with
relatively low visible sbsorption (Fig. 15-25). As can be seen from
Tables XV and XVI, an incresse in chain length resulted in & bathochromic
shift of the abgorption curve with an increase in intensity of absorption
(2 max) in the nesr infrared. In particular, compound XXIV (Teble XV)
and 00X (Table XVI) had high absorptivity values, a.= 232 and 124,
respectively. In addition, it was observed that as the chain length was
increased in both the above classes of compounds solubility and light
stability decreased (Tables XVII and XVIII).



These coxpounds were conveniently incorporated by milling and
molding (Table XIX) or monomer casting (Table XX) with some difficulty as
the chain length was increased due to increased insolubility in the plastic.
In particular, compound XXXVIII (Table XVI) could not be incorporated by
either milling and molding or monomer casting due to instability to heat
and curing catalyst.

2g:ese compounds are also known to be easily burnished onte
Plastics. Attempts at vacuum evaporation were agalin unsuccessful with
decomposition taking place.

Another example of a polymethine that was evaluated was that
obtained from Guaiazulene, compound XLI. This derivative showed intense
sbsorption in the infrared, o = 487 at 869 mu, with relatively very little
visible absorption (Fig. 26). This compound, however, was rether insoluble
and consequently could not be monomer casgt and gave a hazy milled and molded
sample (Table XIX). In addition, its light stability was rather low as were
other members of this general class of compounds (Table XVIII).

D. Metal Complexes

The nickel complex of N-phenyl-N'-{2-methoxyphenyl)-C-phenyl-
formazan was yrepared and evaluated during the course of this investigation.
This compound showed an absorption in the near infrared (2= 13.2 at
830 mu) but also possessed a visible band (R = 23.5 at LOO mu) and conse-
quently was too highly colored to be useful (Fig. 27 and 28). However, its
very good light stability was of interest (Table XXI). This derivative was
also very compatible in plastics and could be easily milled and molded,
moncmer cast, or burnished (Tebles XXII, XXIIT and XIV).

Several other metal complexes that ghowed near-infrared absorption
were uncovered in our screening program. These are shown below:

&) Mn complex of (@ -nitroso-o{-naphthol (= 2.63 at 825 m )

b) Dihydroxygermanium phthalocyanine {Amex = 925 mu)
(Fig. 29 and 30). This compound, although too highly
colored to be useful, showed very good light stability
vith 884 of its infrered ectivity remaining after
500 hou:;s exposure in a Fade-Ometer (Table XXV and
Mg. 30).

¢) Vanadyl phthalocyanine ( Amax = 830 mu ). This compound,
which has & visible absorption peak at 680 mi, has its
maximm transmissicon at 525 ma with a resulting blue-

green color (Fig. 31).

The ebsorption properties and light stability of the above compounds
are compered along with scme other orgenic snd inorganic pigments in
Tables XXV and XXVI.

As can be seen from Table XXV an advantage of pigmented type
absorbers is their increased light stability.



E. MNiscellansous Compounds

Several rhenothiazine derivatives were prepared and evaluated.
As can be seen from Teble XXVII and Fig. 32-3%, their infrared absorption
occurs in the very near infrared along with a relatively strong visible
absorption in each case. 3Because of their relatively poor absorption, no-
application work was done on this general class of compounds.

In addition to the above classes of compounds, other miscellans-
ous compounds were prepared and screened. These compounds showed little

or no near-infrared absorption. Their syntheses are summarized in the
syntheses section of this report.



IV. SYNTHESES

A. Substituted Phenylflucrencl Salts

3,6-Bis(dimethylamine ) -9-phenylfinoren-9-01 (V), was initially
yrepared by a modification of the method of Barker & Barkerc.
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The poorest yield in the above sequence occurs in the cyclizsation step
(diazotization with nitrosylsulfuric acid and thermal cyclization in 884
sulfuric acid). The maximum yileld of IV obatined was 10-12% and
reproducibiliity was difficult.

During the course of this investigation a new and more
convenient method was found for the preparation of the intermediate
fluorencne (IV).

(CE, )W —@cng@—n(cn3 ) {E:—OI_)
AgpS0),

Br Br

PFd-CaC03
(CH3 )N cag—@-n(cng,)a p—
Kof

VI

(CH3)2N (03-3)2

O™

Vil

The dibromo compound was obtained in average yields of 60% by
bromination in concentrated HoSO) in the presence of Agy,50y,. Ring closure
was effected in average ylelds of 15-20% by refluxing in methanolic XOH in
the presence of 1% Pd on CaCO,. This use of methancl as both the solvent
end reducing agent was succesiful although Barker & Barker? reported
negative results with Pd on CaCO3, hydrazine and KOH. Air oxidation to
the fluorencne (IV) was conveniehtly carried out in pyridine in the presence
of base (Triton-B) in average yields of 85%.

Using the same sequence of reections shown sbove, 3,6-bis(diethyl-
amino ) -9-phenylfluoren-9-ol was obteined in a crude state. Its spectra in
acetic acid showed the same absorption peaks as the dimethylamino analog.

3-Dimethylamino -9-(p-dimethylaminophenyl )fluoren<9-0l (XI) wes
obtained as shown on the following page:
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The desired fluorenol salts were then cobtalned, in most cases, by
treatment with the corresponding acid.
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The acetate salts were not isolated but were preparsd in situ by dissolving
the fluorenol in acetlc acid.

The results of the above preparations are summarized in Tebles I
and II. The observed absorptivity (&) values at 960 m u (Teble I) are
compared with those calculated for the pure salt.

Experimental

2-Amino-l,4-bis(dimethylaminoc )benzophenone (III). - A supply of this
compound had been prepared in these laboratories® prior to the start of this
investigation by nitration of 4,4!'-bis({dimethylamino )diphenylmethane, oxidation
with chloranil to the corresponding benzophenone, and reduction with SnCl,
to the amino compound, m.p. 206-208°C.

4,4 -Bis(dimethylamino)-2,2' -dibromodiphenylmethane (\g%f - L,4t _Bis.

gdimethylamino Jdiphenylmethane (25.4 gm, O.1 mole), silver ate

31.2 gn, 0.1 mole), and 300 cc of concentrated sulfuric acid were combined
in & 500 cc flesk equipped with a stirrer and dropping fumnel. Bromine
(32.0 gn, 0.2 mole) was added slowly keeping the temperature below 50°C.
The mixture was stirred at room temperature for 3 hours and then filtered
from the precipitated silver bromide. The filtrate was carefully poured
onto ice water containing 2.3 gan of sodium sulfite. The solution was then
peutralized carefully with concentrated ammonium hydroxide. The tan
product which separated was filtered off, washed with water, and recrystal-
lized from 500 cc of ethanol to give 25.9 gm of product, m.p. 102-10k°C.,
reportedt 103-104°C.

3,6-Bis(dimethylamino )fluorene (VIL), - 4,4'-Bis(dimethylamino)-
2,2' dibromodiphenylmethane (103 gm, 0.25 mole) was added to one liter of
methanol in a two-liter three.-necked round bottom flask fitted with a
reflux condenser and & mechanical stirrer. To the above was added 100 cc
of 10 N KOH solution plus 30 gm of 1% Pd on CaC0O3 catelyst. The mixture
was stirred and refluxed for 6 hours.

The hot reactiocn mixture was filtered and the filtrete cooled in an
ice bath. The solid that separated was dissolved in 600 cc of boiling
ethanol, filtered and the filtrate allowed to cool alowly to room temper-
ature. The product was O'Eta.ined. as white needles welghing 12.4 gm,

m.p. 151-153°C., reported™ 1h9°C.

The 1% Pd on CaC0Oz used above was prepared by adding e hot agueous
solution of CaClp (111 gm, 1 mole) to a hot aquecus solution of NepCO3
(106 gm, 1 mole) with stirring. The precipitated CaCO3 wes filtered Off,
weshed well with water and then suspended in ebout one liter of water.

Meanwhile, 2 gm of PdCly was mixed with 5 cc of concentrated HCl1
and 25 cc of water and heated on & steam bath until solution was complete.
The solutlon was diluted with 100 cc of water, made almost neutral with
5 N NaQOH, end then added with stirring to the above suspension of CaC03.
The mixture was warmed and stirred until all the Pd was yprecipitated ar the

*Susi, P. V., American Cyanamid Compeny, unpublished results (1959).

11



hydroxide (oxide) on the CaC0O, (the supernatant ligquid was colorless). The
solid was Filtered off, washeg well with dlstlilled water, until the washlngs
were chloride free, then with acetone and dried. The welght of product
obtained was 97 gm.

3,6-Bis(dimethylamino )fluorencne (IV).

1. From the Aminobenzophencne (IIT). - In general, 8.72 gm
(0.031 mole) of 2-amino-%,4' -bis{dimethylamino Jbenzophenone was dissolved
in a mixture of 51 ce of concentrated HoS0y, and 18 cc of water. The
solution was cooled and diszotized at 0-5°C., with nitrosylsulfuric acid
prepared from 2.23 gm (0.0314% mole) of 9T% pure NeNO, and 25 cc of concen-
trated H»S0). The mixture was then heated at 70-80°C. for 2-3 hours until
the evolution of gas ceased.

The reaction mixture was diluted with twice its volume of water
and mede basic by the careful addition of concentrated RH) COH solution. The
solid that separated was filtered off and dried. The reaction product was
then dissolved in 60 cc of boiling ethanol containing 1 gm of KOH per 15 cc
of alcohel. The orsnge solld thet separated upon cooling was filtered off.

The crude products from several experiments were combined and
recrystallized from alcohol, m.p. 248-250°C., reported® 249-250°C.
(Average yleld 11%.)

2. From the Fluorene (VII). - 3,6-Bis(dimethylamino)fluorene
{20 gm, 0.08 mole) was dissolved in one liter of dry pyridine. Eight cc
of Triton B (35% benzyltrimethylammonium hydroxide in methenol) was added.
Alr was then bubbled through the resulting solution for several hours.

The reaction solution was then heated to boiling, water was
added until precipitation just started, and the solution was cooled.
The product was filtered off and dried. Brick red platelets were obtalned
weighing 18.7 gm and melting at 255.256°C.

%E6-Bis§dimeglamino)-9-plemrlﬂuoren-9-ol (V). - 3,6-Bis(dimethyl-
amino) fluorenone (10 gm, 0.0370 mole) was added to a refluxing solution
of phenyl magnesium bromide, prepared from 33 gm (0.210 mole) of bromo-
benzene and 4.9 gm (0.200 mole) of Mg turnings, in 400 cc of ether and

400 cc of benzene. The mixture was then stirred and refluxed for 3 hours.

The reaction mixture was stirred into 3 times its volume of water
and then ammonium chloride was added to dissolve the Mg(OH)o which
separated. The benzene-ether layer was removed and the aqueous slurry
was extracted with warm benzene. The comblned extracts were dried over

)y and then evaporated down to a volume of about 300 cc. Petroleum
ether (600 ce) was added and the mixture was cooled in ice. There was
obtained 10.0 gm of a light tan solid melting at 196-197°C. Recrystal-
lization from agqueous acetone ralsed the melting point to 209-210°C.,
reported® 209-210°C.



Salts of 3,6-bis{dimethylemine)-9- 1fluoren-9-0l. Oxalate
Salt ‘x.[II!. - The above fluorenol (2.0 gm, g%ﬁé mole) was dissolved in
Y solution of 1.2 gm (0.00953 mole) of oxalic acid in 70 cc of water.
To the dark colored hot solutlon was added 0.12 gm of ammonium oxalate in

2 cc of water. The resulting solution was allowed to cool slowly to room
temperature.

The dark green precipitate that separated was filtered off,
wvashed with cold water and then with acetone and dried under vacuum. There
was obtained 2.0 gm of product melting at 164.166°C.

Calculated for CsoHgoNy010: C, 67.7; H, 5.5; N, 6.1; 0, 20.8.
Found: C, 67.6; H, 5.7; N, 6.0; 0, 20.6.

Tetrachlorozincate Salt (XIV). - The fluorenol (1.0 gm
0.00291 mole) was dissolved in a mixture of 100 cc of water and 4 cc of
concentrated HC1. A solution of ZnCls in 25 cc water contalning a few
drops of concentrated HCl was added, followed by the slow addition of a
saturated NaCl solution. After precipitation had started, the mixture was
allowed to stand overnight. The dark brown solld was then filtered off.
It weighed 1.0 gn.

Fhosphomolybdate Salt ngl. -~ A stock solution of phosphomolybdic
acid was prepared by dissolving NagHPO) (0.852 gm, 0.006 mole) and
NaghoOy, *2Hp0 (17.4 gm, 0.072 mole) in 200 cc of water and adding enough
concentrated HC1 to bring the pH of the solution to about 3.0.

A solution of the fluorenol (1.03 gm, 0.003 mole) in 20 cc of
acetic acid end 100 cc of water was warmed to 60-TO°C. The stock solution
above, 175 cc, was added with stirring. The mixture was then heated to
boiling, 25 cc more of the stock solution added, and the mixture allowed
to stand overnight. The brown solid which separated was filtered off,
washed with water, acetone and dried at 50-60°C. There was obtained
2.6 gm of material that did not melt below 350°C.

Tetracyenonickelate Salt (XVI) - To & solution of 0.29 gn
(0.001 mole] of Ni{N03)o-6Hp0 dissolved in 0.5 cc of water was added &
golution of 2.7 gn (0.04 mole) of 964 KCN dissolved in 5 cc of water until
the =0lid that originally precipitated redissoclved and & red-yellow solution
was obtained.

To the above was added 10 cc of water and 0.344 gm (0.001 mole)
of the fluorenol dissolved in 5 cc of water containing 1 cc of 1 N HC1 -
(0.001 mole). The dark green solid that separated was washed well with
water and dried.

Fluoborete Salt (XVII) - To a solution of the flucrenol (1.72 gm,
0.005 mole] dissolved in 300 cc of hot ethanol was added 1 gm of 50% aqueous
HBF), with stirring. The mixture was coocled and the brown solid that
separated was collected, washed with ether and dried. It welghed 1.4 gm
end melted with decomposition at 295-300°C.

Caled. for CpgHpsNoBFy: C, 66.8; H, 5.6; N, 6.8. Found: C, 66.3;
H, 6.0; N, 6.6.
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Miscellaneous Salts (XVIII-XXIII) - The fluorenol (4.47 gm,
1.3 x 10~ mole) was dissolved in 500 cc of benzene. To 50 cc (1.3 x 10-3
mole) of the sbove color base stock solution was added an equivalent amount
of the corresponding acid dissolved in a small volume of bengene or alcohcl.
After standing overnight, the product was filtered off and dired.

In the case of the ethane sulfonic acid salt (XX), 70 cc of
ether was added to induce precipitation. The diphenyl-k4,4'-disulfonic
acid salt (X{I) was obtained by evaporating the reaction solution to
dryness and triturating the resldue with ether.

2-Nitro-4':" 2bis(dimethylamino Jtriphenylmethane (VIII). - A
mixture of 90.6 gm (0.00 mole) of o-nitrobenz R .1 gm (1.80 moles)
of dimethylaniline, and 102.3 gm (0.75 mole) of freshly fused ZnClp were
stirred and heated on a steam bath for 6 hours and then allowed to stand

overnight.

The reaction mixture was steam distilled to remove the excess
dimethylaniline and then cooled. The solid residue that remained was
washed several times with weter and then triturated with 500 ec of hot
alcohol. After cooling, the solid that separated wes filtered off and
recrystallized from a mixture of 200 cc of benzene and 800 cc of ethancl
to give 143 gm of mroduct, m.p. 158-159°C., reportedl? 159-160°C.

2~Amino-kt* 4" bis(dimethylemino Jtriphenylmethane (IX). - The
above nitro compound (143 gn, 0.30 mole) was added portionwise to &
mixture of SnCly {360 gm, 1.6 moles) and 1100 cc of concentrated HCL at
70-80°C. After addition was completed the mixture was stirred and
refluxed for 2 hours and then allowed to stand overnight.

The reaction mixture was filtered and the solld that was
collected was dissolved in hot water, made strongly besic with sodium
hydroxide and filtered. The crude product was recrystallized from one
liter of alcchol to give 90 gm of & pale yellow solid, m.p. 131-132°C.,
reportedl? 134.135°C.

3-Dimethylamino-9-(p-dimethylaminophenyl )fluorene (X). - The
sbove amino compound (90 @m, 0.20 mole) was dissoived in e mixture of
133 cc of concentrated HpS0), and 272 cc of water. The solution was cooled
and diszotized with a solution of 18.3 gm of 984 NaNOp in 115 cc of water at
0-5°C. The mixture was allowed to gredually werm up to room temperature and
then heated on the steam bath until gas evolution cessed. After cooling,
the mixture wes made basic by the eddition of dilute (1:1) NH)OH sclution.
The solid that separated was removed, digested with a small amount of hot
alcohol, ccoled and filtered. The s0lid was then dissclved in & small
amount of hot alcohol using enough concentrated HC1 to cause complete
solution. The mixture was cooled, made basic by the addition of alcoholic
KOH solution, and the product that separated filtered off and recrystalliized
from benzene-alcchol to give 10.5 gm of pale yellow product, m.p. 155-156°C.,
reportedl’ 158°C.




3-D1m%lmino-9-ég-dim lmﬂmgh_!gllgmorene-ol éﬂ! - The
above fluorene c 0.2 gm, O. mo waa dissolve cc of
pyridine. Five drops of Triton B solution wes added and air was bubbled
through the mixture for 3 hours. The reaction mixture was then evaporated

to dryness to glve 10.T7 gm of crude product as a dark brown oil that partially
solidified on standing.

After repeated crystallizations from alcohol (Darco treatment
included) the product was obtained as a white solid, m.p. 148-1k9°C.

Cale'd. for CpgHpNy0: €, 80.4; H, 7.1; N, 7.9. Found: ¢, 80.0;
H, 6.9; N, 8.0.

B. Triarylaminium Free Radical Salts

Tae tris(p-dialkylaminophenyl )aminium salts were prepared by
methods similar to those reported in the literature?

@_ y Mitzetton o (L

@2‘@ X All'»'.‘fll.atio::x9 nan@ . ﬂ:.
3 3
XXVI

RN

e +

The lowest ylelds in the above seguence occurred in the alkylation
step. In the case of the dimethyl or diethyl derivative, an intermediate
quaternary salt was obtained from which the amine was libersted by refluxing
with strong base.

The dibutyl derivative could not be obtained in a pure form. As
a result the crude compound was oxidized to the aminium salt and evaluated
as such.

The results of the above series of preparstions are sumarized in
Peble X. Although the sminium salts are relatively stable (shelf life),
decomposition does occur on stending as cen be seen from the absorption datas
obtained on the dimethyl derivative (XXVIII) after one month standing.



Experimental

Triség-nitrophenyl amine (XXV). - Triphenylamine (150 gm, 0.612
mole ) was to cc of ial acetic acid in a two-liter, three-
necked round bottom flask fitted with a condenser and a stirrer. The
mixture was stirred and heated to 60°C., and 90% fuming nitric acid (129 gnm,
1.84 moles) was added dropwise so as to maintain the reaction temperature
between 60-65°C. (During this addition, the reaction mixture turned from
8 green to & brown color.) After the addition was completed, the reection
mixture was stirred and heated at 65°C. for one hour, and then filtered
hot. The crude solld was triturated several times with beiling acetic
acid followed by boiling alcohol and then dried. There was obtained

150 gm of yellow solid melting at 260-265°C. The literature reports the

melting point of this compound at 280°C.16; 349-350°¢.23; 383°c.29. .

Tris(p-aminophenyl Jamine {XXVI) - Tris(p-nitrophenyl )amine
{148 gm, 0.39 mole) was edded portionwise to a stirred solution of
stennous chloride (1070 gm, 4.83 moles) in 1800 cc of concentrated hydro-
chloric acid at 60°C. After addition was completed, the mixture was
refluxed overnight. (During the course of the reaction, the color of
the reaction mixture changed from dark yellow to light yellow to green.)

The reaction mixture was then cocled and filtered. The light
green solid that was collected was dissolved in hot water, filtered and
then made strongly basic with sodium hydroxide. The solid that separated
was flltered off, washed with dilute sodium hydroxide, then with water
and dried. There was obtained 90 gm of a purple powder melting at 225°C.,
reportedl® 230°c. .

Pris(p-dimethylaminorhenyl Jamine. - A mixture of 11.6 gm
(0.0k mole) of tris(p-aminophenyl)amine, 51.1 gm (0.36 mole) of methyl
iodide and 38.6 gn 50.28 mole)} of potassium carbonate was stirred and
refluxed overnight in 200 cc of 80% aqueous acetone. The mixture was then
cooled and filtered. The solld that was collected was washed with 100 cc
of hot 80% aquecus acetone, dried, and then added to 150 cc of sodium
ethoxide solution. The resulting mixture was refluxed for 48 hours and
then evaporated to dryness.

The residue was triturated with water and filtered. ‘The dark
purple solid that remained was recrystallizeﬁ from heptane to give 4.2 gnm
of purple plates, m.p. 157-159°C., reported2* 157-159°C.

Tris(p-diethylaminorhenyl Jamine. - By using ethyl iodide in the
above procedure, the corresponding thylamino derivetive was obteined as
& brown oll. The crude product was dissolved in 5 N HC1 and the solution
evaporated to drynees. The hydrochloride cbtained was recrystallized
repeatedly from alcohol-heptane mixture until it melted at 221.222°C, The
salt was then dissolved in water, made basic with sodium hydroxide and
extracted with heptane. Evaporation of the heptane solution left an oil
that was dissolved in alcohol and cooled in dry-ice-acetone. The yellow
solid that separated was recrystallized from alcchol, m.p. 105°C.

Cale‘d. for CyoHyaNy: C, 78.6; H, 9.2; N, 12,2, Found: C, 76.3;
H, G.2; N, 12.3.
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Tris(p-dibutylamino l)amine. - A mixture of 17.4 gm (0.06 mole)
of tris(p-aminopbenyl )amine, 43.3 gm (0.36 mole) of butyl bromide and
49.7 gm (0.36 mole) of potassium carbonate was stirred and refluxed in
300 cc of 804 aqueous acetone for eight days.

The acetone was distilled from the reaction mixture and the
agueous layer extracted wilth hot heptane. Evaporatlon of the heptane
solution left 31 gm of a dark brown oil.

The crude oil was dissolved in 5 N HCl, treated with Darco, and
then evaporated to dryness. The salt remaining was dissolved in hot
heptane-alcohol, treated with Darco, and then evaporated to dryness.

The s0lid residue was dissolved in water, filtered from some
insoluble material and made basic. The oill that separated was extracted
with heptane, the extracts dried over NapSOL, and then evaporated down.
There was cbtained 1.5 gm of brown oil,

Tris( p-u.imethylamimghenyl)aninim Perchlorete {XXVII). - To
3.74% gm (0.0 mole) of tris(p-dimethylaminophenyl)amine in 250 cc of dry
acetone was added 45 ce (0.009 mole) of 0.2 N silver perchlorate solution
in scetone. The mixture was stirred for 1/2 hour and then filtered from
the precipitated silver. To the green colored filtrate there was added
an excess of ether and the mixture wes cooled. The product that separated
as a green solid was collected and drled. It welighed 3.75 gm and decom-
posed by 165°C.

C&lc’d.. for 02hH30NI+clou: N’ ll.el Fbu-nd N; J-2Q1c

Tris( p-dimethylaminthenyl)aminium Fluoborate {XXVIII). - Tris(p-
dimethylaminophenyl jamine (2.24 gm, 0.000 mole) was dissolved In 150 cc of
acetone and 27 cc (0.0054% mole) of 0.2 N silver fluoborate solution in
acetone was added. After stirring for 1/2 hour, the mixture was filtered
snd the filtrate diluted with 70O cc of ether. There was cbtalned 1.73 gm
of green solid melting with decomposition et 155.156°C.

Cale'd. for CouH3oNyBFY: C, 62.5; H, 6.6; N, 12.2. Found: C, 62.6;
H, 6.7; N, 12.3.

Tris(g-dieth;&aminophenyl)aminium Fluoborate (XXX). - To 0.6 gm
(0.0013 mole) of tris(p-diethylaminophenyl )amine in 30 cc of acetene was
added 6 cc (0.0012 mole) of 0.2 N silver fluoborate solution in acetone.
After standing overnight, the mixture was filtered, and the filtrate
evaporated to dryness. The product remained as a green sclid which decom-
posed by 140°C.

Calc'd. fOI' CBOHMNL"BFI‘: N, l0.3o qund: N; 10-5.

Tris(p-diethylaminophenyl Jaminium Perchlorate (XXIX). - Prepered
by the same procedure a&s the flucborate salt above using 6 c¢c of 0.2 N silver
perchlorate solution in acetone. The product was obtained as a glassy
green solid.
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his(g-dibuty]minopegyl)minium Fluoborate (XIVII). - Prepared
by the same me as the other derlivatives described above. There was
obtained from 1.4 gm of the amino ccmpound, 1.5 gm of the product as a
dark green semisolid.

C. Polymethines

1. Tetraphenylvinylcarbonium Salts

R .@_ E—cn(cn-cu)n——jj[ —@—R cloy"
R' g R'

Menbers of this class of compounds were prepared by known litera-
ture procedure519 by reaction of a substituted 1,l-diphenylethylene with
the corresponding ketone (n=0), ethyl orthoformate (n=l), or 1,3,3-tri-
methoxypropene (n=2) in the presence of perchloric acid.

In the cases where Rs( pf“ and R'=(CH,) N or H, {XXI-XXXV)
the reactions proceeded smoothly. fficulties wEre encountered in
attempts to prepare the methoxar (CH,0) analogs of the above. Only where
R--R'-QH30 and n=2 (XOXVI) vas a purg product obtained successfully.

The results obtained are summarized in Ta‘blé Xv.

E_;Erimnta.l

General Procedure. - 1,1-Bis(p-dimethylaminophenyl )ethylene2(
was obtained by reaction of methyl magnesium icdide with L,4'-bis(dimethyl-
amino )benzophenone. 1,l-Bis{p-methoxyphenyl)ethylenel® was obtained by
reaction of methyl magnesium iodide with 4, k'-dimethoxybenzophencne.
l-(p-—Dﬁnethylaminophenyl)—l-phenylethyleneﬁ- , m.P. 56-57°C., was obtained
by reaction of h-dimethylaminobenzoﬂ:enonen with methyl magnesium icdide
followed by thermal dehydration of the resulting carbinoi,

An illustrative procedure is shown in the preparation of 1,1,5,5-
tetrakis(p-dimethylamino Jdivinylcarbonium perchlorate (XXII). To a
mixture of 22.1 gm {0.0831 mole) of 1,l-bie{p-dimethylaminophenyl )ethylene
and 8.3 cc of ethyl orthoformate in 50 cc of acetic amhydride was added
5.6 g of T2% aqueous perchloric acid, disgolved in 50 cc of acetic
anhydride. The resulting dark blue mixture was stirred a few minutes and
then allowed to stand at room temperature for 2 hours. An additional
8.3 cc of ethyl orthoformete was added, the mixture stirred and then
allowed to stend an additiconal hour &t room temperature. Excess ether was
added and the solid that separsted was filtered off, washed well with
acetic acid, then with ether and dried. There was o‘ota:l.ned 16 gm of
product melting with decomposit:l.on at 224°C., reported 19 228 _230°¢C.
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1,1,7,7-Tetrakis({p-methoxyphenyl Jtrivinylcarbonium Perchlorate
E}OCKVIE - To 2.1 gn (0.0 mole) of 1,1l-bis{p-methoxyphenyl)ethylene was

cc of 1,3,3-trimethoxypropene and 5 cc of acetic anhydride, A
solution of 0.65 gm of T2% perchloric acid in 10 cc of acetic anhydride
was then added and the mixture was stirred for S mimutes and then cooled.
The mixture was filtered and the sclid that was collected was washed with
ethanol and ether. There was obtained 0.92 gm of brown crystals melting
with decomposition at 187-188°C.

Calc'd. for C35H33C10g: C, 68.1; H, 5.4; €1, 5.8; 0, 20.8.
Found: ¢, 68.0; H, 6.0; €1, 6.0; 0, 20.5.

2, Xanthylomethines

R R

. ———CH—(CH-CI{)n—-: X cloy "

The parent members gf this class of compounds {(R-H; X=0) were
reported by Wizinger and . It was of interest during the course of
this investigation to prepare these and other derivatives /R«CH30, (CHj)oN;
X=0,5/. The general route investigated is shown below:

clo;; ethyl orthoformate 5

0 CE}HEI S EClOb d c\cn3 1,3,3-trimethoxypropene,

glutacondialdehyde

> Product (where n=l)
——————> Product (where n=2)

> Product (where n<3)

In the ceses where Rall, and X=0, the products (nal, 2 and 3)
were easily obtained (XXVII-XXXIX). Difficuliies were encountered where
R=(ch)2N and X=S, O or where R=CH.O, X=0. Only one member of the above
derivitives was obtained successfui]y (L) (where R=CH30, X=0, n=3).

The results ¢f these preperations are shown in Table XVI.
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Bis(xanthene Jtrimethine Perchlorate (XXXVII). - Methyl magnesium
bromide from 12 gm Mg, DO gm CHLBr, and 200 cc of ether was treated with
20 gm of xanthone in 400 cc of benzene. The mixture wes stirred and
refluxed for I hours and then allowed to stand overnight. After decom-
position with ice and HCl, the orgesnic layer was removed, dried over
anhydrous sodium sulfate and then treated with 15 cc of 70% perchloric
acid. The solid that separated was filtered off, washed with alcohol to
give 19.1 gn of 9-methylxanthylium perchlorate as red crystals, melting
with decomposition at 202-206°C., reported3l 202-204°C.

The above perchlorate (2.95 gm 0.0l mole) was dissolved in 50 cc
of hot 2:1 acetic acid - acetic aphydride. After the addition of 1.5 cc of
ethyl orthoformate, the mixture was heated on the steam bath for several
minutes. It was then cooled and filtered to give 2.6 gm of green crystals
melting with decomposition at 219-221°C., reporhed3l 233-235°C.

Bis(xanthene Jpentamethine Perchlorate {XTOWVIII). - 9-Methyl-
xanthylium perchlorate(2.95 gm, 0.01 mole )} was dissolved in 50 cc of hot
2:1 acetic acld - acetic anhydride and then allowed to cool to room
temperature, There was added 1.3 cc of 1,3,3-trimethoxypropene and the
‘mixture was allowed to stand at room temperature for one hour. The
reaction mixture was then filtered to give 1.1 gm of black crystals
melting with decomposition at 270-2T74°C., reported31 234-237°C.

Bis(xenthene Jheptamethine Perchlorate (XTOXIX). - 9-Methyl-
xanthylium perchlorate (2.95 gu, 0.0l mole) was dissolved %g 60 cc of
boiling methanol. The sodium salt of glutacondialdehyde3»<® (0.6 gm,
0.005 mole) was added followed by 2 cc of T2% perchloric acid. The
mixture was stirred and refluxed for severel minutes and then allowed to
cool to room temperature. The solid that separated was filtered off,
recrystallized from 1:1 acetic acid - acetic anhydride to glve 0.3 gm of
brown solid melting with decomposition 199-200°C., reported3l 190-193°C.

Bis(3 ,6-dimetho:qanthene)hegtmethine Perchlorate (XL). - 3,6-
Dimethoxyxanthone, m.p. 154-186°C., reportedl 180°C., was obtained by the
tnermal dehydration of 4,4'-dimethoxy-2,2'-dihydroxybenzophenone. Reaction
with methyl magnesium iodide followed by the addition of perchloric acid
gave the corresponding 9-methylxenthylium perchlorate.

The above salt (0.74 gm, 0.0021 mole) was dissolved in 30 cc of
hot methenol. Sodium glutacondialdehyde (0.13 gm, 0.0011 mole) was added
followed by 15 cc of perchloric acid. The mixture was refluxed for
15 minutes, cooled and filtered. There was obtained 0.22 gm of brown
solid that, after recrystallization from methanol, melted at 201-202°C

Cale'd. for: C37H3Cl01g: C, 66.2; K, 4.6; €1, 5.3; 0, 23.9.
Found: C, 66.0; H, 4.8; ¢1, 5.1; 0, 23.8.



3. Azulene Derivative

Prepared by the reaction of Guaiazulene (1,4-dimethyl-T-isopropyl-
azulens) with glutacondialdehyde in the presence of perchloric acid.

C
3 CH3 cloy"
CH ~—CH===CH —CH=—CH
GRENETS
XLt
Amax (mA) 860
@ max L7
Eﬁrimental

Guaiazulene (5.9% gm, 0.03 mole) and the sodium salt of gluta-
condialdehyde (1.8 gm, 0.015 mole) were dissolved in 180 cc of methanol.
To the deep blue solution was added 5 cc of T2% HC1l0y. The resulting
purple solution wae stirred at room temperature for 10 minutes, bolled for
5 minutes and cooled, The solid that aseparated was collected, washed with
a small quantity of elcohol and dried to give 1.65 gm of brown solid which
did not melt below 300°C. The literature 0 reports the compound a&s & brown
solid which does not melt below 280°C. Recrystallization of the sbove from
2:1 acetonltrile-methancl gave 1.1 gm of a coppery brown solid that melted
with decomposition at 245°C. (rapid heating).

D. Metal Complexes

Only one metal complex was synthesized during the course of this
work which showed appreciable infrared absorption. The nickel comples of
N-phenyl-Ni-(2.methoxyphenyl ) -C-phenylformazen was obtained from diazotized
o-anisidine and benzaldehyde phenylhydrazone followed by complexing with
nickel.



QO Qo= —

D ey PO
O L= O L
n-n—Q \N=R"©

OCH3 OCE3

XLIT XLIII

Almus) 400 830 (max)
& 23.5 13.2

An attempt to prepare the corresponding manganese derivative by
the above method was unsuccessful.

Eﬁrimm:al

N-Fhenyl-N'-(2-methoxyphenyl ) -C -phenylformazan (XLII). - o-Anisidine
(24.6 gm, 0.2 mole) in 100 cc of 5 N HCl was diazotized at 0-5°C. with
14.1 gm (0.2 mole) of 98% NaNO, in water. Benzaldehyde phenylhydrazone
{(39.2 gm, 0.2 mole) was dissolved in 2 liters of alcohol and cooled to 0°C.
The diazopium solution and the hydrazone solution were added simultenecusly
with rapid stirring to 60 gm of KOH in 300 cc of alcohol at 15°C. The
mixture was allowed to stand overnight.

The reaction mixture was made acidic with acetic acld and filtered.
The crude solid was washed with water (50°C) and then recrystellized from
1250 c¢c of ethanol to give 13.0 gm of product m.p. 132°C., reportedl’
129°C.

Nickel Complex of N-Phenyl-N'-(2-methoxyphenyl)-C-thenylformazan
(XIIIT). - To 3.3 gm (0.0 mole) of the above formazan in 100 cc of ethanol
was added 2.9 gn (0.0l mole) of nickel nitrate hexshydrate dissolved in a
small volume of alcochol and 60 cc of concentrated alcoholic NH3 solution.
The mixture was stirred and heeted for 2 hours and then filtered hot. The
s0lid collected was washed with warm 2.5% acetic acid and then r.peatedly
with boiling alechol untll the washings were pale yellow. The product was
dried and gave 3.2 gm of black solid melting with decomposition at 262°C.,

reported*! 273°C.
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E. Miscellaneous Compounds

1. Fhenothiazine Derivatives

Members of this class of compounds were prepared by reported
procedures3€ by reection of the corresponding benzorhenone (or its
dichloride) with phenothiazine in the presenmce of ZnCly and POCly, and
isolation of the products as the fluoborates. Results are shown in
Table XXVII.

%rimental

An illustrative p:'ocedure32 is shown in the preparation of
compound (XIVI). A mixture of 7.26 gm (0.03 mole) of L,4'-dimethoxybenzo-
phenone, 6 gu of freshly fused ZnClp, and 30 cc of POCly was heated at
90°C. for one-half hour. Phenothiazine {5.97 gm, 0.03 iwle) was then added
and the solution was refluxed gently for 2 hours. The dark reaction mixture
was cooled to about 60°C., end carefully poured into an excess of water
(250 cec) at 50-60°C. with stirring and external cocoling as necessary. The
mixture was then cooled and the water decanted from the dark hard mass
that remained. The crude solid wae then teken up in boiling alcohol and
10 cc. of 50% HBFj solution was added. The mixture was cooled and the
solid that separated wes collected, washed with ether and dried to give
8.0 gn of dark blue material.

2. 3,6-Bis(dimethylaminc)-9-phenylfluoren-9-nitrile (XIVIII).

M dwe
“~cN

t(CH3)p

Three grams of the tetrachlorozincate salt (XIV) of the
corresponding fluorenol was dissolved in warm water and excess KCN
solution was added. The solid that separated wes washed with dilute KCN
solution, then with water and recrystallized from alcohol. There was
obtained 1.5 gm of light ten solid, m.p. 2h0-242°¢C.

Calc'd. for ¢ ,H. N
H, 6.6; N, 11.7. k72373

Irradistion of methanol or IMF solutions of the above with UV
light gave soluticns with very weak near infrared absorption.

: C, 81.6; H, 6.6; N, 11.9. Found: C, 81.6;

23



3. .D_i_ﬁﬁerimidyl-(%_)_]mthane

Y 1y

Obtained by reaction of 1,8-diaminonaphthalene with dlethyl-
malonete2?, This conmpound showed no ebsorption in the near infrared.

k. Metal Complexes of Pyridine N-Oxide

These compounds were prepmdhby reaction of the corresponding
metal perchlorate with pyridine N-oxide™,

[Cu(csHM0), 7 (C104),
?\m (mj-*) 750

Amax 0.188
[Bi(csHsN0)), 7 (c104)2

Amax (ms4) 1100

pax 0.016

5, Nickel Complex of Triphenyl Fhosphine

(§4P) NiBry

The above was gbta:l.ned as & green solld by reaction of NiBry+3Ho0

and triphenyl ph{:uanpl:n:I.ne2 and showed only very week absorption in the near
infrared.

Amex (=) 925 620
Aa: c.18 0.18

6. Free Radical of U,k'-Bis(2,6-d1-t-butylhydroxyphenyl )amine

t-Bu t~Bu
~-Bu t-Bu

Prepared by the method reported by Coppingere this compound
ahowed no absorption in the near Infrared.
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T. Oxidetion Studies

a, Tris(p-dimethylaminophenyl)amine was oxidized with dichromate
and the product isolated &s the ZnCl, salt. Its solution in water showed
the following sbsorption peaks, but the product itself decomposed on
standing.

Amax (m4) 2yax
895 130
790 91
400 (not max) 15.2

b. 2,7-Bis{dimethylaminc)fluorene* was oxidized with silver
perchlorate. The salt obtained showed the following absorption, but

decomposed on stending.

km {m4) amax
970 69.9
850 33.7
455 62.0

8. Pyrylocyanines

- | CH=(CH=CH),,

Attempts to prepare the sbove compounds by reaction of 2-methyl-
b,6-diphenylpyrylium perchlorate? with ethyl orthoformate (n=1), 1,3,3-
trimethoxypropene (n=2), or glutacondialdehyde {n=3) were unsuccessful.

In the case where n=l, the crude product obtained showed weak sbsorption
peaks at 800 (= = 2.9) and 725 mu (4= 3.1) but the material could not be
obtained in a pure form.

9. Unsuccessful Preparations

In sddition to the syntheses reported sbove, unsucceassful attempts
were made to prepare several other compounds that might show neer infrared
absorption. As a matter of record the desired final compounds are shown

on the following page:

*Susi, P. V., American Cyanamid Company, Unpublished results (1959).
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(033)2 (033)

=N (CH3),
Q6
+

(cH3) N N(CH3)p (053)21' N(CH3)p
Swe

) ;
N(CH3), (cHg)

2

(CBig) M ¥(CH3), +
OO
wel

V. EVALUATION ARD APFLICATION

A. Scree

The compounds screened for near-infrared absorption properties
were obtained not only from the synthesls effort in this projlect but also
from files of other research programs within the company and, for the most
part, from the compeny's growing central or "CL" file of compounds. For
the past five or slx years a great many compounds in the file have been
tested for near-infrared absorption in the course of previcus interest in
this ares of research. For the Government -sponsored program, the perusal
of the CL flle was continued with at least three co-workers making selections
from several thousands of compounds to be screened from the same distri-
bution list of newly submitted semplees to the flle. The following types
of substances were chosen: (1) green solids, (2) charged resonating
structures, (3) metallo-orgsnic compounds containing especially iron,
menganese, nickel and copper, and (%) seversl phthalocysnines.

The actual testing enteiled dissolving enough of the substance
in & few milliliters of a suitable solvent to produce fairly strong color,
as most of the compounds were colored. The colorless compounde were

dissolved in large excess. The usual solvent used was spectro-Quality

26



dimethylformemide (IMF). However, when interaction was suspected or when
unexpected color changes orcurred with IMF, other solvents such as 3A
alcohol, methanol, or acetone were used. The spectral absorption curves

of these solutions were obtained by use of a Beckman JK-2 recording spectro-
photometer operating over the range 400 to 1700 mu with the corresponding
solvents used as references.

Of the better than 500 compounds selected from the CIL file, only
three showed near-infrared sbsorption properties; namely, the manganous
complex of beta-nitrosc-alpha-naphthol (X g, = 825 mut, an, . = 2.63),
3-(p-nitrophenyluo)-1,2-dd.methylimida.zo[i,2-57 ryridinium iocdide (Apey =
1030 mu, ape, ££13; absorbs only in IMF and pyridine, the absorbing species
being destroyed within one-half to one hour), and dihydroxygermanium
phthalocyenine, PcGe(0H)s, (Apax = 925 ma ). The remaining compounds show-
ing no near-infrared absorption are listed in Appendix III by empirical
formula, according to the system used in the CL files, together with theilr
chemical nomenclature.

B. Evaluation

Quantitative spectral curves were determined for compounds show-
ing near-infrared ebsorption bands. These included for the most part those
compounds prepared in the synthesls program of thils investigatlion. These
curves also were run from 400 mu to 1700 m s on the IX-2 spectrophotometer
with solvent as reference using matched l.(f‘-‘cm thick silica cells. The
absorptivity, @, at each wavelength of maximm sbsorption for a given
absorber was determined using the relationship,

where A = sbsorbance at & Ap,.; b, the cell path in centimeters; and c,
concentration in grams/liter. The symbols and spectral definitions used
are those adopted by the American Chemical Society, Analyticel Chemistry
Advisory Board / Anal. Chem. 33, 1968 (1961)].

C. APEication

Attermpts were made to Incorporate the near-infrered-absorbing
compounde into plestics and as coatings on glass or plastic by one or more
of the following six methods:

(1) solution-cast coatings
(2) bhot milling and molding
E 3,5 monomer casting

L) bwrnishing

ES dyeing
6) vacuum evaporation

Most of these studies were made with various forms of poly(methyl



methacrylate).* The specific plastics and monomers used in this investiga-
tion were &8 follows:

Plexiglas, poly(methyl methacrylate), VM-100 crystel - Rohm and
Haas

‘Imecite 30, poly(methyl methacrylate), bead polymer - du Pont
Acryloid B-T2, 40% PMMA in toluene - Rohm and Haas

Methyl methecrylate monomer, practical - Matheson, Coleman

and Bell

Cellulose acetate powder -~ Eastman

"CR-39," allyl diglycol carbonate - Columbia Southerm

Laminec 4123, polyester in styrene - American Cyanamid
Polystyrene - Dow Chemical

Solution-cast coatings on glass microscope slldes were prepared
by dipping a slide into a 50-cc portion of a stock sclution of plastic in
which portion was dissolved enough absorber to produce & desired amount of
near-infrared sbsorbance on the dry coating at the }\ma.x: ag measured with

8 Spectronic 20 colorimeter. The slide was allowed to dry slowly at about
55°C. for 15 to 30 minutes. Second and third dippings of the same slide
were often required to increase the absorbance to a proper level for light
stability measurements, this level being between about 5% tramsmittance

(A = 1.30) and 30% transmittence (A = 0.52). The films or coatings
produced on hoth sides of the gless slide were each in the order of 3 to
10 mils In thickness. The stock solutions of plastic used were usually
20% cellulose acetate or 22% Plexigles in A.C.S. acetone, but some experi-
ments were also performed with 30% Imcite in A.C.S. toluene and 384 poly-
styrene in tetrahydrofuran (b.p. = 65.5-66.5°C.).

By means of hot roll milling followed by hot compression molding,
thick Plexiglas plates of about 60 to 100 mils thickness and thin films of
gbout 10 to 20 mils were prepared. The absorber (0.02 to 0.2 gm) was added
to 100 gm of gemli.molten plastic on a two-roll laborstory mill heated to
ebout 170°C. (front roll at about 180°C., back roll at sbout 160°C.).
Mixing was effected by continuously stripping off with a doctor blade and
passing the material between the rolls for about 20 to LO times, depending
on the ability of the sbsorber to withstand these temperatures. A portion
of the resulting thick mass was then hot compression molded into a smooth
trensparent plate or film. The molding conditions were as follows:
tempersture, 170°C.; sample preheated for 5 mimites with no pressure; 20
tone force applied on a L- by 5-inch sample, for about 3 minutes while hot
and for about 4 minutes while cooling.

Methyl methecrylate, allyl diglycol carbonste (CR-39), and Laminac
4123 polyester resin were polymerized in molds into 1/8-inch clear plates.
This was done by pouring the catalyzed monomer or monomer-polymer mixture
into 8 mold coneisting of two emooth 1/h-inch thick Pyrex glass plates
separated with a 1/8-inch vinyl gasket placed along three edges, the mold
being held together with fairly heavy-duty binder clips. The catalysts used
wvere either 3 to 5% benzoyl peroxide or 3% 2,2'-azobis(2-methylpropionitrile),
"Porophor N," for CR-39; 0.5% benzoyl peroxide or Porophor N, for Laminac;

*Recormended by the Alr Force (private comminication) because of the suit-
able optical and physical properties of high-impact poly(methyl
methacrylate).
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and 0.0l to 0.2% Porophor N, for methyl methacrylaste. The curing conditions
were 100°C. for ome hour for Laminac and 55° + 5°C. for sbout 20 hours for
CR-39 and methyl methacrylate., HNone of the major classes of near-infrared
absorbers could withstand the systems described for laminac and CR-39.

The bulk of the monomer-cast work was confined, therefore, to methyl
methacrylate.

The practical grade of monomeric methyl methacrylate required a
washing treatment to remove added inhibitors. This process5 involved two
ten-minute washings with 20 parts by weight of 5% sodium hydroxide - 20%
sodium chloride in water per 100 parts of monomer, a third wash with about
20 parts of distilled water followed by suction filtration through at least
three layers of fine filter paper.

The formulation, containing the absorber, adopted for monomer
casting the methacrylate was a solution of the following constituents:

Monomeric methyl methacrylate 80 gm
Poly({methyl methacrylate) (Lucite) 20 gm
Porogphor XN 0.01 to 0.05 gn
Near-infrared absorber 0.01 to 0.1 gm

‘The burnishing 1;eeclmiq_w;-.22 was used to form very thin reflecting
coatings of the pure solid infrared absorber on glass or plastic surfaces.
This was done by merely hand rubbing the finely divided (-325 mesh) solid
absorber onto the surface with soft 80-square cotton cloth. In general,
the samples obtalned were hazy and nomuniform. Attempts to overcome these
fanlts by mechanicel buffing, that 1s with a buff wheel attachment on a
1/4-inch drill, failed. Overcoating improved the transparency scmewhat.

An advantage to burnishing is the marked increase in light stabllity
attained over other methods of incorporation due to the particulate or
solld state of the absorber. In cases where the overcoat partislly dis-
solved the absorber, for example, an alkyd resin in xylene on the tris(p-
dimethylaminophenyl Jaminium perchlorate (XXVII), the light stability was
sharply reduced (Table XIII). Of the overcoastings tried, only mineral oil
could be used for thls absorber. The best sample obtained by means of
burnishing with respect to transparency with fair near.infrared attenusation
vas one with the tetrecyanonickelate salt of the 3,6-bis{dimethylaminc)-9-
phenylflucren-9-0l (XVI) burnished on cellulose acetate and overcoated with
Acryloid B-T2, the spectrophotometric curve being shown in Fig. 5.

Several dyelng techniques were attempted which are described
velow (Tables VII and XIV).

Pleces of monomer-cast poly(methyl methscrylate), with Shore D
bardness of 86, and polymerized allyl diglycol carbonate (CR-39), Shore D
of 45, were dyed with the zine chloride salt of 3,6-bis(dimethylamino)-9-
phenylfluoren-9-0l (XIV) end with tris(p-dimethylaminophenyl )aminium
perchlorate (XXVII). The dye baths consisted of about 50% 3A alcohol with
about 2 to 3 ml of Cyanatex Dyeing Assistant EM (methyl salicylate
emlsion) plus & small amount (0.1 to 0.5 gm per 50 ml. dye bath) of the
ebsorber. The dyeings were effected at steam bath temperatures within one
to two hours. After the dyeings the Shore D hardness of the poly({methyl
methacrylate ) had decreased to 75.
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- Harder samples of CR-39 (Shore D = 83) could not be dyed with the
above two absorbers. Even alfter pretreatment overnight with various chlor-
inated hydrocarbons (carbon tetrachloride, chlorobenzene, and 1,2-dichloro-
ethane) and 3A alcohol the dyeings vere unsuccessful. These hard CR-39
samples, however, could be very easily dyed with an acetate dye, Calcosyn
Green 2B and wilth a disperse dye, Calcoaperse Blue 3R, uasing & dye bath
with about 1 ml of Cyanatex Dyeing Assistant EM per 100 cc water or 50% 3A
alcchol..

Other techniques used which may be classified as dyeings were
investigated. One scheme was to incorporate about 2% p-toluenesulfonic
acid in Taminac 4123 via monomer casting, A chip of this was immersed into
an acetone solution of 3,6-bis(dimethylsmino)-9-phenylfluorene-9-ol (V).
Imnediately the solution turned a deep yellow indlcating that the sulfonic
acid had leached ocut into the solution, which effect was opposite to that
hoped for. Another experiment was somewhat successful using perfluoro-
octanole acild incorporated into monomer-cast CR-39. This plastic sample
when immersed intc a solution of the fluorenol in warm hexsne sssumed the
yellow coloration of the infrered-absorbing cclor salt of the fluorenol,
vith & transmittance of 33% &t 960 mu and 83% at 600 mx«. A third
attempt was to incorporate silver trifluorcecetate into a plate of poly-
(methyl methacrylate) by monomer casting followed by treatment with &
solution of tris(p-dimethylaminophenyl)amine in petroleum ether in hopes
of forming the infrared-absorbing aminium salt on the surface of the
plastic. However, the solution turned green with black elemental sllver
coating the plastic surface. A similar experiment was performed but in
reverse; that is, the amine was incorporated into Flexiglas (0.1 gn/100 gm)
by milling and molding which was later treated with a 0.2 N AgCl0) in
acetone solution. In this case, there was no evidence of a chemical
combination either on the plastic or in the solution.

An advantage to a dyeing procedure 1s that it would be & meuns of
incorporation in or on monomer-cast plastic sheets or plates those abscrbers
which normally could not chemically withstand the curing catalysts and
temperatures used in monomer casting. In addition surface dyeings would
give uniform attenuation to samples of variable thiclkness.

Vacuumt evaporation or sublimation is a common method for puri-
fication and for the production of thin smooth layers of certain solid
compourds. For example, solid cationic ‘dges can be vacuum evaporated as
thin specular costings on glass surfaces3V. Attempts were made, therefore,
t0 vacuum evaporate three absorbers representing three major classes onto
glass microscope slides. These compounds were the flucborate salt of
3,6-bis(dimethylamino ) -9-phenylfluoren-9-01 (XVII); 1,1,5,5-tetrakis(p-
dimthyLsminoliwnylgdiﬁnylcerbonium perchlorate (XOOII); and tris{p-
dimethylaminophenyl Jaminiumflucborate (XXVIII). The procedure involved
first the preparation of smell pressed pellets of the compound. Then &
portion of this pellet was placed in a tungsten boat clamped between two
electrodes. A glass microscope slide was clamped upright with its long
edge horizontal on a bracket ebout one-half inch from and slightly higher
than the top edge of the boat. This assembly was contained in sn inverted
hell jar connected to & fore pump in series with a diffusion pump. The
pressure obtained was about 10-3 to 10-2 mm of Hg. The current through
the boat was increased slowly to & point such that its temperature was just
below the melting point of the contents, as judged visually; that 1s, the
current wes slightly decreased when the first signs of melting were noticed.
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In all three cases no evaporation or coating on the glass slide occurred
after 2 to 3 hours at this setting. The current had to be increased to a
point where the contents of the boat melted before any evaporation took
place. All three compounds, however, became dark or black. The divinyl-
carbonium compound (X0II) and the trisphenylaminium salt (XXVIII) gave
white diffuse coatings, and the fluoremol salt {XVII) gave an orange
diffuse coating. None showed near-infrared-.absorbing or reflecting
properties.

One attempt was made to attenuate near-infrared radiation by
means of scattering or diffuse reflection and yet transmit visible radia-
tion as in a Christisnsen filter2l. fThe Christiansen filter effect was
demonstreted by incorporating finely powdered KC1 (-325 mesh) at a
concentration of about 33% into moncmer-cast poly(methyl methacrylste).
Because of the equivalence of refractive indices of the KCl and plastic
for yellow light (np = approximately 1.49), the resulting 1/8-inch plastic
plete transmitted yellow from eny strong white light source and the
gcattered blue and violet radisations could be seen about its edges. A
spectrophotometric curve, Fig. 35, however, showed only slight attenustion
in the near infrared as compared to the peak visible transmittance at
about 620 m_u, the greater pert of the scattering being in the blue and
violet region.

Table XXVIII is presented as a summary of the applicability of
the varlous classes of infrared abscrbers to the six different methods of
formlation described above.

The spectrophotometric curves of all the plastic samples contain.
ing infrared sbscrbers were determined with & Beclman KD-2 recording spectro-
photometer with alr as a reference.

Light stebility measurements were performed mostly on solution-
cast coatings on gless slides; however, several milled and molded, and
burnisbed samples were also included. Usually & standard Fade-Ometer was
used t¢ expose the samples, but in some of the later experiments an Atlas
Xenon Weather-Ometer without water spray was alsc used. The data were
reported as % remaining activity defined as:

% Remaining = __St . x 100 (2)

Co

where c, denotes the original concentration and cy, the concentration after
exposure. By application of equation (1), equation (2) then reduces to

%Remaining=—§to—-xloo

where Ap 18 the original absorbence at & )\ma.x and A¢, the absorbance at the
s8me Apay 8fter exposure. In determining Ay and Ap allowance was made for

scettering and/or reflection. Ko statistical analysis for the precision of
the test was made, but it is felt the reproducibillity to be of the order of

10%.
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D. Compilation of Dete

The epectrophotometrie curves of the infrared absorbers in
solution, in plastics, and on plastic or glass surfaces are complled in
Appendix II. All the curves with one exception, are reproduced as %
transmittance ve. wavelength in millimicrons. The % transmittance
ordinate was chusen for practical reasons since the data obtalned
directly from the DK-2 1s in % transmittance vs. wavelength. The one
exception, that of the 3,6-bis(dimethylaminc)-9- phenylfluoren-9-ol in
glacial acetic (Fig. 1), was plotted as log £ vs. wavelength, eince all
the other salts investigated showed the seme spectrel properties, l.e.,
the same Apgy and theoretically the seme € o, velues in the vieible and

near infrared.

Light stability date and cther spectral propertles ere presented
in Appendix I.

VI. CONCLUSIONS

Considerable progress was made towards developing plastic or
coating compositions having strong near-infrared attenuation and high
visible transmittance. This wae accomplished by incorporating into &
resin small amounts of organic compounds having strong near-infrared
ebsorption. These compounds represent most of the classes of compounds
found to possess strong absorption in the near infrared., None of them,
however, absorb significantly above 1100 m M.

Other propertles of these substances, such as light stability and
compatibility, can be improved by introducing longer alkyl groups and, in
the case of selts, by using certain anions such as fluoborate or perflucro-
alkanoastes. Since photodegredation is due mainly to ultraviclet wave.
lengths, the light stability can also be increased by using protectlve
ultraviolet absorbers.

The composition with the best spectral properties developed
during this work is poly(methyl methacrylate) containing tris{p-diethyl-
aminophenyl) aminium flucborate (Fig. 12).

Success can probably be achieved in protecting the humen eye
against high-energy thermal rediation by using infrared-attenuating coatings
or plastice with retention of visible transmission.

Complete attaimment of the apectral properties required presents
some challenging probleme. One involves the 85% transmission requirement in
the visible region. It is almost inevitable that a visibly-transparent,
infrared-sttenuating medium will absorb somewhat near the 400 and 700 m_u
regions since absorption curves never have perpendicular slopes. However,
low transmittances near the edges may be tolerable because the eye is less
sensitive in these regione. Realistically, the 85% value is exceptionally
high when high attenuatlon st T50 mi¢ is required, since perfectly clear
and smooth costings will transmit only 90-94% of visible light. The 6 to
10% loss iz due to normal reflectance. This permits only 9 to 5% attenua-
tion in the visible region by the infrared-absorbing additives.
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Another problem is finding compounds that can be made into a
filter that attenuates completely over the 750 to 2000 m.u range
varticularly between 1200 and 2000 mu. Further work towards uncovering
compounds that absorb in this area is required.
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TABLE I

3,6 -BIS{ DIMETHYLAMINO ) -9 -PHENYLFLUOREN -9 -OL SALTS

(CH3 )N ~ (cH3),
QY .

+
g
™
A max Amax
cale'a)(P) (Found )(8)
X 960 mat 960 mu 950 mu 505 mu 480 mse
X1T Acetate 4.2 47,2 38.3 55.0 53.5
XIII Oxmlate 39.4 3.7 35.8 50.2 49.5
xav Tetrachlorozinca?e L2k 2k.9 20.7 29.8 29.7
Xv Paosphomolybdatelc 19.5 12.6 10.9 - -
XVI Tetracyanonickelate hh,7 33.9 26.9 ho L 39.5
XVII Flucborate i1 k7.0 38.2 52.1 51.0
XVIIT Trichloroacetate 37.3 33.9 28.2 ko.0 39.8
Xax Perfluorobutyrate 3k. 4 26.3 21.6 30.1 29.2
XX Ethanesulfonate 41.8 Yo7 34.9 k9.3 k7.9
XXI Diphenyl -k, 4' - 28.1 25.0 20.5 28.4 27.6
disulfonate
XOI Trifluoroacetate L1.4 37.2 30.8 42.8 .2
XXII Perchlorate 52,7 8.2 39.8 52.3  50.9

(a) Curves run in acetic acid,

(b) Cale'd. from the molar ebsorptivity (18,230) of the pure fluorenocl
in acetic acid. £

(e¢) Curve run in 10% equeous IMF - anion assumed to be (P,0g-2h Mbo3) .
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TABLE II

3 ~-DIMETHYLAMINO -9 -( p-DIMETHYTLAMINOPHENYTL }FLUOREN -9 -0L SALT

Smea

N(CH3)2
"-ma.x(a)
X 760 mu 720 my 565 mu  MIO my  BHO muc
XXV Acetate 1ho 128 42,0 36.0 ol.2
(a) Curve run in acetic acid,
TABLE IIX

LIGHT STABILITY OF SOLUTION-CAST COATINGS OF CELLULOSE ACETATE CONTAINING
SALTS OF 3,6-BIS(DIMETHYLAMINO ) -9-PHENYLFLUOREN-9-OL

% Remaining after Fede-Ometer Exposures:

Salt 10 Hrs. 20 Hrs. 30 Hrs. 40 Hrs. 60 Hrs.
av- Tetrachlorozincate 22 13 - - -
XIX Perfluorobutyrate 15.8 11.6 8.7 - -
xax Trifluoroecetate 1k4.5 10.5 9 - -
XXIITI Perchlorate 73.5 69 57.5 55 Lh.5
XviI Fluoborati 4 L8.5 36.8 27.5 22.4 16.5
na Di 1-b, 40 - ‘

df:i’gomge - cloudy, insoluble
XVIII Trichlorcacetate - hydrolyzed to colorless species



TABLE IV

SAMPLES BURNISHED WITH COLOR SALTS OF 3,6-BIS(DIMETHYLAMINO)-9-
PHENYLFLUOREN-9-OL

% Remaining After

Surface Fade -Ometer sures
Salt Burnished#* 100 Hrs. 185 Hrs. 250 Hrs.

XIV Tetrachlorozincate Cell. Acetate - 65
" » Plexiglas Ly -
" " Glass Slide (one - Wy

side)
" " Glass Slide (two - 66 -
sides)

XVI Tetracyanonickelate Cell. Acetate 48.5 - -

*Qvercoated with Acryloid BT2.
TABLE V

MONOMER -CAST POLY(METHYL METHACRYLATE) CONTAINING COLOR SALTS OF 3,6-BIS-
( DIMETHYLAMINO ) -9 -PHENYLFLUOREN-9-OL

Maximum NIR Peak Visible
Absorption Transmittance
Salt Conc. % T m K % T m
Xix Perfluorobutyrate 0.2% 1.3 960 83 625+
2 850
" " (>0.2%) 0 800-975  57.5 625%
XXII  Trifluorcacetate 0.2% 25 960 86 650%
25.6 850
" " (>0.28) 12.5 960 77.2 650%
16.8 850
XVII  Fluoborate 0.0L% 2.5 960 62 650%#%
h 850

¥Dark orange, very clear
*¥%Dark orange, hazy

L1



TABLE VI

MILLED AND MOLDED POLY({METHYI. METHACRYLATE) CONTAINING COLOR SALTS OF
3,6-BIS( DIMETHYLAMINO } -9 -PHENYLFLUOREN -9 -OL

Maximum NIR Peak Visible

Absorption Trensnittance
Anion Cone. & T m T Y
XViI Fluoborate 0.1% 1.8 960 21 650%
2 850
XVIII  Trichloracetate 0.1% None 53 TOO®*
XIX Perfluorobutyrate 0.1% 29 960 56 650+
31.6 850
XX Ethanesulfonate 0.1% T 960 iy B50%*
8.5 850
X1 Diphenyl -k, 41 - 0.1% 13.5 960 55 B50%*#
disulfonate 15 850
oAl Trifluoroacetate 0.1% 51 960 59 ET5 %%
51 850
*Haze
*%311ght haze

*¥Very slight haze



TABLE V11

SAMPLES OF PLASTIC DYED WITH COLOR SALTS OF 3,6-BIS(DIMETHYLAMINO)-
9 -PHENYLFLUOREN -9~OL

Method of Shore D % Treansmittance
Application Plastic Hardness at 960 m &« at 650 ma
& CR-39 k5 10 -

a PMMA 75 30 80
b CR-39 55 33 (21 at 850 mu ) 83
¢ Plexiglas 85 26 49.5
d Plexiglas 85 - (very weak peek at 900 maut)

e Plexiglas 85 (no absorption peaks)

8.

Monomer cast poly(methyl methacrylete) dyed with tetrachlorozincate
salt (XIV) from 50% alechol containing 2 to 3% Cyanatex Dyeing
Aspigtant.

Moncmer cast CR-39 containing perfluorcoctancic acid treated with
solution of the fluorenol base in hexane.

p-Toluene sulfonic acid (0.2%) milled in Plexiglas followed by addition
of the free fluorenol (0.1%) and combination milled and molded.

Same process as ¢, except colloidal Dowex 50 (0.3%) and the free
fluorenol (0.15%) used.

Same process &8 ¢, except phosphomolybdic acid (0.4%) and the free
fluorenol (0.15%) used.

TABLE VIII

SOLUTION-CAST CELLULOSE ACETATE COATINGS CONTAINING THE TETRACHLOROZINCATE

SALT OF 3,6-BIS(DIMETHYLAMINO)-9-PHENYLFLUOREN-9-OL (XIV)

% Remaining
Protective Screen
Fade -Ometer Hours 12-Mil C.A.#* UV Abs, 12.Mil C.A,.%%
3 23 T3.5
13 T.7 38

* 12-mi} cellulose acetate
*% 12.m11 cellulose acetate absorbing 95% of neer UV

L3



TABLE 1IX

SOLUTION CAST POLY(METHYL METHACRYLATE) COATINGS CONTAINING COLOR SALTS OF
SUBSTITUTED 9-PHENYLFLUCREN-9-0LS

4 Remaining After
15.6 Hours in Xenon

Substitution Salt Weather ~-Ometer
XV 3,6-Bis(dimethylemino)-  2uoCl)~ 87
XVII 3,6-Bis(dimethylamino)- BFy,” 76
XVI  3,6-Bis(dimethylamino).  Ni{CN)},= A
XXIV  3-Dimethylemino-9-(p- CH3C00~ 0
dimethylamino) (HAc edded in situ)

# Sample could not be prepared due to elow hydrolysis to colorlesas free

base.
TABIE X
TRIARYLAMINIUM FREE RADICAL SALTS
+
RoN N X"
R X M max (m,a)(a) 4 max € max
XXVII CHg 104 960 80.1 38,000
XAVIIT CHs BFY, 960 19 54,800
XKVIII CHs g, (P) 960 82.h 37,900
XXIX CoHs clo), 960 56.9 31,800
pood CpHg BFy, 960 7 k2,000
XLVII cg(c)  Bmy 980 Ly 31,400

Ea) Curves run in methanol
bg Curve rerun after one month
(c) This derivetive also had & peek in the visible; Q.. = 21 at 400 mut

b



TABLE XT
SOLUTION-CAST COATINGS OF CELLULOSE ACETATE CONTAINING TRIS(p-DIALKYL-

AMINOPHENYL )AMINIUM SALTS AND THEIR RELATIVE LIGHT STABILITY WITH AND
WITHOUT UV LIGHT FPROTECTION

A. Tris(p-dimethylaminophenyl )aminium Perchlorate (XXVII)

% Remaining
Transmittance Transmittance After 13 Hours
at 960 mec (%) &t 550 mei(%) Protective Screen in Fade-Ometer
9 92.5 None 15 (12 hours)
20 85 12-mil cellulose acetate 39
22 85.5 12.mil cellulose scetate 52
ebsorbing 95% of near
v

B. Relative Light Stability to Fade-Cmeter Exposures

% Remainin,
“PehinT
Alkyl % Trensmlttance at After Yellow Filter
Group Anion 900 mA 550 mse 15 Hrs. 20 Hrs. 120 Hrs.

XXVII  Methyl €10~ 15 88 ko - -
XXVIII Methyl BFy,~ 27 88.5 43.5 79 50
0.0 Ethyl  BFy~ 18 90 60 92 T2

C. Relative ILight Stability to Xenon Weather-Ometer

Alkyl gggra.nsmittance at % Remaining

Group Anion my 550 my 2(.3 Brs. 54,3 Hrs., 02 Ars.
XVII  Methyl cCl0,~ 18 84 Is 25.2 16
XVIII  Methyl BFk' 15.3 89 52 31.11- 22
XX Ethyl BF,” 6.9 92.2 54,5 37 27
XXIX Ethyl €10y~ 3.0 89.8 72 59 52

L5



TABLE XII

MILLED AND MOLDED FLASTIC CHIPS CONTAINING TRIS(p-DIALKYLAMINOPHENYL ).

AMINTUM SALTS

Alkyl Conc. Thickness % Transmittance

Group Anion Plastic We. - % (mils) 960 mu 550 mu
XXVII Methyl Cl0),~ Cel. Acet. 0.02 109% h 43
XXVII Methyl C1l0,~ Plexiglas 0.05 65 5 52
XXVII Methyl C(l0,~ Plexiglas 0.20 65 6 56
XXVIII Methyl BF,~  Flexigles 0.05 O ** 8 71
b0’ Ethyl BFy, " Plexiglas 0.05 ET** 0 80

# Light stability: 49% remeining after 20 hours in Fade-Ometer.
** Light stability on 10.mil chips: XXVIII = 55%, XXX = 51% remaining
after 50 hours Fade-Ometer.

TABLE XITI

TRIS(p-DIALKYLAMINOPHENYL )JAMINIUM SALTS BURNISHED ON FLASTIC AND
GLASS SURFACES

Transmittance
Allyl Surface Visible [Near Infrared
Group Anion Burnished Overcoat % T mu HT m e
XXVIIT Methyl BFL~ Poly(methyl- None 29 575 0.5 900-1050
methacrylate)
XXVII Methyl ca.ob" Flexiglas®* Alkyd Resin 72 575 42 70
XXVII Methyl ClOp~ Glass Slided*  ##x 72 650 36 980

# Light Stability: 40% remaining after 20 hours in Fade-Ometer.
*#*¢ Light Stability: 60% remaining after 50 hours in Fade-Ometer.
e Mineral 0il 4+ second glass slide,



TABLE OV

SAMFLES DYED WITH TRIS(p-DIMETHYLAMINOPHENYL )AMINIUM PERCHIORATE (XXVII)

Plastic Dyed 4 Transmittance at 960 mu
Poly(methyl methacrylate) 5
CR-39 (Shore D = 45) o}
CR-39 (Shore D = 45) 10
TABLE XV

TETRAPHENYLVINYLCARBONIUM SALTS

c-cn~—(cn=ca) ' C10),"

R R' n_ Amax (mju)(a) ¢ max
XX1 (CHy) (cHq) 0 730 62.3

3/2% 3%2% 635 102
ST0 84.8

ax (CHL) (cH,) 1l 800 159
3/28 3%2% 630 56.8

XXXITT (cHy) (cH,) 2 900 195
320 3/ A n

Xoav (cH) H 1 825 232
372" 550 26.8
Loo 26.8

XXV (CH:) H 2 900 154
372" 575 20.4
340 19.4

XUV CH30 CH30 2 750 T
195 26.4

{a) Curves determined in acetone.

k7



TABLE XV1

XANTHYLOMETHINES

O

o+

C==CH—(CH=CH),—

87

R X
XXXVIT H 0
XKXVIII H 0
Xoax H 0
XL CH30 0

(a) Curves run in ecetone.

Ww w P ¢

€10y~

Amax (m Ju)(‘) 2 max
700 56.9
780 7%.5

855 124
900 52.8
800 51"-1
-~ b3 37.4



TABLE XVII

TETRAPHENYLVINYLCARBONIUM PERCHLORATES IN SOLUTION-CAST COATINGS

©)
. (o), — ey
c1o, ©
R
Lucite Cellulcose Acetate
% Remaining % Remaining After
After Xenon Hours Fade-Ometer Hours
n R Amax 15.6 20 ~ 50
X 0  -N(CHz)p T30 80 72.5 56.5
XXXTI 1 " 800 25 34 21
XoaIir 2 " 900 2.9 19 10
v i H 825 27.6 (65)* -
poo'd 2 H 900 15 (66)* -
* Tnterpolated values.
TABLE XVIII

SOLUTION-CAST CELLULOSE ACETATE CONTAINING MISCELLANEOUS POLYMETHINES

% Remaining After
Fade -Ometer Hours

Compound Amax 5 15 25
XXXVIII  Bis(xenthene )pentamethine C10;~ T80 L9 k.5 7.9
XXV Bis(xanthene Jheptamethine C10)" 855 9.7 - -
I Azulene Derivative* 860 3.4 12.3 7

* 5-Isopropyl-l-/5-(5-isopropyl-3,8-dimethylazulen-1-yl)penta-2,k-
dienylidene/-3,8-dimethylazulenium perchlorate.

L9



TABLE XI1X

—————————

MITLED AND MOLIED POLY(METHYL METHACRYLATE) CONTAINING POLYMETHINE
TYPE ABSCRBERS

31

XOaIx

XXXVIT

XXVIIT

XXXIX

Maximum
Near-Tnfrared Peak Visible
Cone. Absorption Transmittance
Compound (We, -%) 2T Nma) %7 Ama)
1,1,3,3-Tetrakis(p- 0.05 5 730 50 430
dimethylaminophenyl)- blue (sl. haze)
vinylecarbonium
perchlorate
1,1,5,5-Tetrakis(p- 0.05 0 800 29 k70
dimethylaminophenyl ) - blue (sl. haze)
divinylcarbonium
perchlorate
i,1,7,7-Tetrakis(p- 0.05 2 900 24 k&5
dimethylaminophenyl}- blue (hazy)
trivinylearbonium
perchlorate
1,5-Bis(p-dimethyl - 0.05 0 660850 1L 450
aminophenyl-1,5-41- 10 275
phenyldivinylcarbonium purple (heze)
perchlorate
1,7-Bis(p-dimethylamino- 0.05 7 925 30 625
Thenyl)-1,7-diphenyl- gray-blue (hazy)
trivinylcarbonium
perchlorate
Bis(zanthene }trimethine 0.05 22,8 705 34 530
perchlorate green (hazy)
Bis(xanthene Jpenta- 0.05 no peak 34,7 565
methine perchlorate Olive (hezy)
Bis{xanthene }hepta- 0.05 9 800-1000 12 660
methine perchlorate {very hazy)
Azulene derivative 0.05 11 875 22.8 630

50

purple {hazy)



ax

XXITI

DXVII

XXXVIII

XXIX

TABLE XX

POLYMETHINES IN MONOMER-CAST POLY(METHYL METHACRYILATE)

Near-Infrared Peak Visible
Conc. Absorption Transmittence
Compound (We. -%) T Almu) $T Almu)
1,1,3,3-Tetrakis(p- 0.05 h T30 W7 Lho
dimethylaminophenyl)- blue (clear)
vinylcarbonium
perchlorate
1,1,5,5-Tetrakis(p- 0.05 0 800 21 520
dimethylaminophenyl)- blue (clear)
divinylcarbonium
perchlcorate
1,1,7,7-Tetrekis(p- 0.05 L 900 T2 520
dimethylaminophenyl ) - (insoluble)
trivinylcarbonium
perchlorate
1,5-Bis(p-dimethyl- 0.05 0 640850 10 575
aminophenyl)-1,5- 9 455
diphenyldivinylcarbonium purple (clear)
perchlorate
1,7-Bis(p-dimethyl- 0.05 1.5 925 37 550
aminophenyl)-1,7- yellow-green
diphenyltrivinyl.- {insol. matter)
carbonium
perchlorsate
Bis(xanthene )trimethine 0.05 2.5 720 64 525
perchlorate pale green
Bis(xanthene )pentamethine 0.05 none greenish-yellow
perchlorate
Bis(xanthene Jhepta- 0.05 (insoluble)
methine perchlorate
Azulene derivative 0.05 L 860 51 620
dull green

51
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TABLE XXI

SOLUTION-CAST PLASTIC COATINGS ON GLASS SLIDES CONTAINING THE KICKEL
COMPLEX OF THE FORMAZAN (XLIII)

Fade -

% Transmittance at Ometer %
Plastic 025 mu<. OHO m e Protective Screen Hours Remaining
Cell. Acet. 25 Th none L3k 90
Cell. Acet. 20.6 69.8 12-mil Cell. Ac. Film L84 93
Cell. Acet. 20 T UV Abs. 12-mil Cell. L84 a7

Ac. Film
Plexiglas 20 575 none 25 100
Folystyrene 18.4 60.8 none 25 100
TABLE XXII

MONOMER -CAST POLY(METHYL METHACRYLATE) CONTAINING 0.05% OF THE KICKEL
COMPLEX OF THE FORMAZAN (XLIIT)

Wavelength
(Millimicrons) % Transmittance
200-480 0
640 31.8
790-825 0

TABLE XIII

MILLED AND MOLDED POLY(METHYL METHACRYLATE) CONTAINING 0.2% OF THE NICKEL
COMFLEX OF THE FORMAZAN (XLIII)

Wavelength Transmittance
(Millimicrons) I7 mil ¥ilm 62 mil Chip

Loo 12 0

500 15 0

650 33.5 5.5

700 (Amin.) 37 T

825 (A pax) ok 1.5

52



TABLE XXIV

SAMPLE OF CELLULOSE ACETATE BURNISHED WITH THE NICKEL COMPLES OF THE
FORMAZAN (XLIIT)

Wavelength
(Mlllimicrons) % Transmittance
koo 475 2
650 (Amin.) 26
840 (Apax) 3.7

TABLE XXV
LIGHT STABILITY OF PIGMENTS IN FOLY(METHYL METHACRYLATE )

Conc. % Remaining - After Houre in Fade-Ometer

Compound (%) 95 200 245 Lh5 500 700
THN Green 0.1 84 - 86 86 - -
Pigment Green B 0.1 98 - 73 54,5 - -
Cupric Oleate 5.0 (>81) &8 - (86) - -
PeGe(0H)p (Fig. 30) 0.1 (>92) 9.5 - - (88) &

23



TABLE XXVI

PIGMENTS MILIED AND MOLDED IN POLY(METHYL METHACRYLATE)

Compound

Cupric oleate
Cupric stearate

Copper phthalocyanine
green (THN Green)

Ferric complex of
l-nitroso~-2-naphthol

Pigment Green B
(Pig. 36)

Vanedyl Fhthalo-
cyanine (Fig. 31)

Cobeltous
Phthalocyanine

(Chloroiron)
Fathalocyanine

Dihydroxygermanium
Phthalocyanine
(Fig. 29)

Diphenoxygermanium
Pathalocyanine

(Fig. 29)

Copper Tetrabromo
phthalocyanine (ox )

Copper Tetrabromo
phthalocyarine (&)

CusS0), (325 mesh)
FeClp+3H,0 {oxidation
to ferr%c evident )

Auralux M (Ferric
Oxide Pigment)

Auralux L (Ferric
Oxide Pigment)

Conc. Near-Infrared

Absorption

3.0 no mAax.

1.0 nc mex.

0.1 no max.

¢.1 none

0.1 cut off between
600 and 850 mit

0.1 0% T between
600 and 1000 mp

c.1 no max.

0.1 0% T between
600 and 905 ma.

0.1 0% T between
560 and 925 ms-

0.1 0% T between
615 and 700 m..

0.2 <224 T from
TOO to 1000 m s

0.1 <9% T from
TCO to 1000 mic

C.5 none

0.5 none

0.4 none

0.3 none

5L

Visible
Peak Transmittance

Sample Appearance

21% T at 535 mx
green (clear)

30% T at 535 mu
1t. green (clear)

28% T at 545 mu
blue-green (clear)

18% T at 700 mu
olive (clear)

22% T at 550 mec
green (clear)

10% at 525 ma
blue-green (v. hazy)

33% T at 515 mut
blue (v. hazy)

4% T at 565 pot
green {v. hazy)

29% T at 485 m_co
green-blue (sl. haze)

30% T at 535 m v
green (sl. haze)

264 T at 535 mu
blue -gray (very hazy,
large agglomerates)

30% T at 525 mat
blue (very hazy)

very hazy
very hazy

very hazy

very hazy



TABLE XXVII

PHENOTHIAZINE DERIVATIVES

R Oc :CE;D BF,~
|
B

Rl
R R Amax (mx)(®) & max
XTIV H H 680 17.2
Lio 13.4
X (cH, ) H 715 48.0
3 2! 485 28.4
XIVT CH30 CH30 720 59.5
Lk 67.8
(a) Curves run in acetic acid.
TABLE XVIIT

METHODS OF FORMULATION

Absorber Solution Mill & Monomer Vacuum
Type Cast Mold Cast Burnish Dye Evap.
Filuorenol Salts yes yes Yes yes yes Yes
Triarylaminium Salts yes yes no yes yes no
Polymethine yes yes yes yes - no
Ni-Formazan yes yes yes (yes) - -
Plgments - yes (no) (yes) no (yes)

25
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AFPENDIX II

Spectrophotometric Curves
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Spectral curve of 3,6-bis(dimethylamino}-9-phenylfluoren=9-ol (XII} in
glacial acetic acid.

Figure 1
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Spectral curve of the perchlorate salt (XXIII) of 3,6-bis(dimethylamino}-
9-phenylfluoren-9-cl in solution-cast cellulose acetate coating on glass.

Figure 2
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Spectral curve of the ethanesulfonate salt (XX) of 3,6-bis(dimethylamino)-
9-phenylfluoren-9-ol in milled and molded poly(methyl methacrylate). Conc.,
0.1%; thickness, 77 mils.

Figure 3
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3pectral curve of the perfluorobutyrate salt (XiX) of 3,6-bis(dimethyl-
amino ) ~9-phenylflucren-9-ol in monomer-cast poly{methyl methacrylate)., Conc.,
0.2%; thickness, 113 mils.

Figure
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Spectral curve of the tetracyanonickelate salt (XVI) of 3,6~bis(dimethyl-
amino)=-9-phenylfluoren-9-0l burnished on cellulose acetate fllm and overcoated
with Acryloid B-72 resin.

Figure 5
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Spectral curve of 3-dimethylamino-3-(p-dimethylaminophenyl)flucren-9-ol
(XXIV) in glacial acetic acid, Conc., 0.dlgn/l; cell, 1.00 cm.

Figure &
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Spectral curve of tris(p-dimethylaminophenyl)aminium fluoborate (XXVIII)
in methanol. Conc., 0.0lgm/l; cell, 1,00 cm,

Figure §
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Spectral curve of tris(p-diethylaminophenyl)aminium fluoborate (XXX) in
methanol. Conc., 0,0lgn/Ll; cell, 1.00 cm,
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Spectral curve of tris(p-dibutylaminophenyl)aminium fluoborate (XLVII) in
methanol. Conc., 0.028em/1; cell, 1.00 cm,

Figure 10
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Spectral curve of tris(p-dimethylaminophenyl)aminium flucborate (XXVIII)
in milled and molded poly(methyl methacrylate). GConc., 0.,05%; thickness 75

mils.
Figure 11
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Spectral curve of tris(p=diethylaminophenyl)aminium fluoborate(({¥Z) in
milled and molded poly{methyl methacrylate).

Figure 12
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Spectral curve of tris(p-dimethylaminophenyl)aminium parchlorate (XXVII)
in solution-cast cellulose acetate coating on glass.
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Spectral curve of tris{p-dimethylaminophenyl)aminium flucborate (XXVIII)
burnished on poly(methyl methacrylate).

Figure 1l
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Spectral curve of 1,1,3,3-tetrald s(p~dimethylaminophenyl)vinylcarbonivm
perchlorate (X¥XI) in acetone. Conc., 0.0lgm/1l; cell, 1.00 cm,

Figure 15
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Spectral curve of 1,1,5,5-tetrakis(p-dimethylaminophenyl)divinylcarboriun
perchlorate (XXXII) in acetone. Conc., 0.005gm/l; cell, 1.00 cm.

Figure 16
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Spectral curve of 1,1,7,7-tetrakis(p-dimethylaminophenyl) trivinyl-
carbonium perchlorate (XXXIII) in acetone. Sonc., 0,005zm/L; cell, 1,00 cm.

Figare 17
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Spectral curve of 1,5-bis{p-dimethylaminophenyl)-1,5-diphenyldivinyl-
carbonium perchlorate (XXXIV) in acetone. Conc., 0.005gm/l; cell, 1.00 cm,

Yigure 18
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Snectral curve of 1,7-bis(p~-dimethylaminophenyl)-1l,7-diphenyltrivinyl-
carbonium perchlorate (¥¥¥XV) in acetons. Conc., 0.005gm/l; cell, 1.00 cm.
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Spectral curve of 1,1,7,7-tetraidis(p-methoxyphenyl) tririnylearbonium per-
chlorate (YX%7() in glacial acetic acid. Cone., 0,005gm/1; cell, 1.00 cm,

Fleure 20
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Spectral curve of 1,1,3,3-tetrakis(p-dimethylaminophenyl)vinylearbonium
perchlorate (X¥iI} in monomer-cast poly(methyl methacrylate)., Conc., 0.05%;
thickness 133 wils.
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Spectral curve of bis{xanthene)trimethine perchlorate (XXXVII) in acetone.
Cenc., 0.01gn/l; cell, 1,00 cm,

Figure 22
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Spectral curve of bis(xanthene)pentamethine perchlorate (XXXVIII) in
acetone. Conc., 0.0lgn/l; cell, 1.00 cm.

Figure 23
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Spectral curve of bis(xanthene)heptamethine perchlorate (XXXIX) in aceto-
nitrile. Conc., 0.0lgn/l; cell, 1,00 cm,

Figure 2l
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Spectral curve of bis(3,5-dimethoxyxanthene)heptamethine perchlorate (XL)
in acetone. Conc., O. Olgm/l cell, 1,00 cm.
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Spectral curve of S-lsopropyl-l-/g;(S—Jsopropyl—3 E-~dimethylazulena-l-yl)-
penta=2 h-dlenylldene7~3 S-dlmcthylazulenlum perchlorate (XiI) in acetic acid.
Conc., 0,002ga/1; cell, 1.00 cm.

Figure 26
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Spectral curve of the nickel complex of N-Ehenyl—N'-(2ﬂmethoxyphenyl)-0-
TH5 cell, 1,00 cm.

phenyl formazan {(XLIII) in benzene.
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Spectral curve of the nickel complex of N-phenyl-N'-(2-methoxyphenyl)-"-
onenyl formazan (XIIII) in monomer-cast poly(methyl methacrylate).

thickness, 131 mils,

Figure 28
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Spectral curve of dihydroxypermanium phthalocyanine (colid curve) and of
diphenoxygermaniun phthalocyanine (dashed curve} in milled and molded poly-
(methyl methacrylate). Conc., 0,1% each; thickness, 65 mils each.

Figure 29
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Light stability of dihydroxygermanium phthalocyanine in poly{methyl-
methacrylate).
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Spectral curves of vanadyl phthalocyanine in milied and molded poly(methyl-
mcthacrylate). Solid curve: conc., 0.1%; thickness, 57 mils, Dashed curve:
conc., 0.1%; thickness, 17 mils,

Flgure 31
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Spectral curve of the phenothiazine derivative from benzophenone (XLIV)
in glacial acetic acid. Conc.; 0,0lgu/l; cell, 1,00 cm.

Figare 32
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Spectral curve of the phenothiazine derivative from p-dimethylaminobenzo-
phenone (XLV) in glacial acetic acid. GCone., 0.0lgn/l; cell, 1,00 cm.
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Spectral curve of the phenothiazine derivative from p,p'-dimethoxybenzo-
phenone (XLVI) in glacial acetic acid. Conc., 0.0lgn/l; cell, 1.00 cm.

Figure 3L
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Spectral curve of finely ground potassium chloride (-325 mesh) dispersed
in monomer-cast poly(methyl methacrylate). Conc., 33%; thickness, 130 mils,

Figure 35
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Spectral curve of Pignent Green B in milled and molded poly{methyl-
methacrylate), Conc., 0.1%; thickness, 60 mils.

Figure 36
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Formuia
Asli3Ca01gHy)
ﬁ5030H3Ag2
AsO4CH5Cu
FiClBGlelo
®108
Caithge T,
CngNhShCh
FC16Hg
FaC13Hg
GeCahHz0
[0t oBr
To812%

NG gl *Ny0qC gy
NCgHy), <X
NCyHy9°80),CHy
NCIBHlé'I
NCpyH3g T
NOBI‘CDHB
KorgHgOuy /o

HOC) gHy 77010},
NOCqH17
1:6;0251{22 -010),
NOC1F3Cy) HeMiy /2
KOpBri 10Hg5uy /2
KOzBrpCy o) Cuy /2

N02°2HLC“1 /2

l-?GzC?H-! 'NCSHE *HCL

K0aC 1oy
Lati3H1e
'\ZC‘EC]JJH?
KOpG7) He
NO2C1 ) Hpg * Br
NOaC11H20* By

NO»C 101 oHg

Name
Benzenearsonic acid, p-(2-amino-l-naphthylazo)-
Methanearsonic acid, disilver salt
Methanearsonic acld, dicopperII salt
Bismuth chloride (H2B1013), diphenyl-
Azulene
Cyclopropenacarbonium fluoborate-1,2,3-triphenyl
Cobalt mercury thioceyanate [Go(NCS)hHE7
Fluoranthene, 3«~fluoro-
Fluorene, 2,7-difluoro-
Germare, totraphenyl-
Iodonium bromide, diphenyl
Biphenyl, k,l'=diiocdo~
3-Picoline, picrate
Pyrrolidinium iodide, 1, l-dimethyl-
Quinaldinium methyl sulfate, l-methyl
Ammonium iodide, trimethyl (2-naphthyl)
Ammonium iodide, benzyldodecyldimethyl-
g~Fluorenone, 2=-amino=-3~-bromo-
£ ~Zuinrolinol, c:r:ppez'II darivative
Perinaphthoxolium perchlorate
Formamide, N-trityl
3=-(p-Dimethylamino)=2,6-diphenylpyrylium perchlorate
o-Cresal, o =(5-chloro- o, d,d ~trifluoro-m-tolylimino)-, nickelll derivative
1,2-Naphthoquinone, 3=bromo-, l-oxime, copper!! derivative
1,2-Naphthoguinone, 3,6-dibromo~, l-oxime, copper!! derivative
Glycine, coppern galt

Pyridinium hydroxide, 1-(carboxymethyl)-, immer salt, compound with
pyridine, hydrochloride

1,2(and 1,l)-Naphthoquinone, 2{and 1)-oxime

Benzoic acid, p-dimethylamlno-, isobutyl ester
SH-Anthra=/T,9-cd/-isoxazole-6-one
Phenenthrenequinone, oxime

Ammonium bromide, (p-cartoxybenzyl)triethyl-
Ammonium bromide, benzyl{p-carboxybenzyl)-dimethyl-

1,2~Naphthoguincne, L=chloro-, 2-oxime
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Formula

ND306H5

NOCy oH7p
NO3C10H7

030y 1Hy

040y 1H12C0y 2
N0301hH10Nil/2
No3clh51h-cloh
NO3C22H17
N03C27Hy7
NOSCL,CycHe

NO3IC7Hg
NO) BrGz1Hiz
NohHrCZIHIZ
N0 BraCo1Hyn
%0),Bry CoqHg
NOyC12Hg
NoyC12M 1
NOpC1H1Y
N0b021H13
N0h022H15
NOhGE2HlS

8O CanHy g
Hoy, S22t 7
NOpO23H17
NOy Ga sty g
NOyCoqHyy
50|, C27H17
,C1C01 Hap
0,101 12
0;,51021H1 2
10),C1CoHy),
H0), 5 1CzaH1 ¢
NOp 1021 Hpy
NO),ClpCa1Hy)
¥0|C12021511

Resorcinol, L-nitroso-

1,2-Naphthoquinone, 6-hydroxy-, 2-oxime
1,2-Naphthogquinone, 3-hydroxy-, l-oxime
1,2-Naphthoquinone, 7-methoxy-, l-oxime

Glycine, Ne-salicylidene-, ethyl ester, copper]“I derivative
Benzoic &cid, p-salicylideneamino-, nickel!l derivative
Danisyl nitroxide perchlorate

Anthraguinone, l-hydroxy-k=-(2,h-xylidino)-
L,~Riphenylcarboxamide, N-l-anthraquinonyl

Pyridinium hydroxide, 1-(5,6,7,8=te trachloro-1,l-dihydro-3-hydroxy-
1,L~dioxo=2-naphthyl)-, inner salt

Anisole, 2-iodo=k-nitro

Anthraquinone, l-(5~bromosalicylamido)-

Anthraquinone, 1-(3-bromosalicylamido)-

Anthraquinone, 1-{3,5-dibromosalicylamlido}-
Anthraqulnene, 1-(3,4,5,6-tetrabromosalicylamido}-
2-Naphtholec acid, 3,L-dihydro-3,h-dioxo-, methyl ester, li-oxime
1,2-Naphthoquinone, 5,6-dimethoxy-, l=oxime
1,2~Naphthoquincne, 6-hydroxy-, l-oxime, 6-henzoate
Spiro/ZH~1-kenzopyran-2,3'~/3H/naphthe,/Z,1-6/-pyran, G-nitro-
Anthraquinene, l-benzamido~L-methoxy=-

2,3-Cresotanide, N-l-anthraquinenyl-

Anthraguinone, l-m-anisamido-

Anthraguinone, l-hydroxy-l-/p-{2-hydroxyethyl)-anilino7-
Anthraquinone, l-(c-ethoxybenranido)-

2-Naphthamide, N-l-anthragquinconyl-l-hydroxy-
Salicylamide, N-l-anthraquinonyl-S-phenyl-

Salicylamide, N-l=anthraquinonyl-3-phenyl

Anthraquinone, l-(h-chlorosalicylamide)-

Anthraguinone, l-{S-chloresalicylamide)~

Anthraquinone, 1-{3-chlorosalicylamido)-

Anthragnincne, l-p-chlorobenzamido=l-methoxy
Anthrarufin, B-e¢hloro-L-(2,3-xylidino)-
Anthraguinone, 1-(3,Lh-dichlorosalicylamide)-
Anthraquinone, 3=chloro-l-(3~chlorosalicylamide)-

Anthraguinene, he=chloro-l-(3-chlorosalicylamido)«~
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Formula Mame

NO|r1aCaH1 Anthraquinone, é-chlero-l={3~chlorosalicylamido)-

HO)ClpCoy My Anthraquinone, 8-chloro-l-{3-chloresalicylamido)-

NOLClgclell Anthraquinone, 1-{3,5-3ichlorosaiicylanide)~

¥01,013C50H39 Anthrarufin, L-chloro-8-(3,4~dichloroaniline)=-

Nohclac 21H10 Anthraquinone, 6,7=-dichloro-l-(3-chloresalicylamido)=

K0y, FCoyHyp Antaraguinone, l-(3-fluorosalicylamido)-

N0, I Hy g Einthraguinone, 1-(3,5-dliodosalicylamido)-

NO5Co1 Hy3 Gentlsamide, N-l-anthraguinonyl-

NCgCp1H13 A-Resorcylamide, N-l-znthraquinonyl-

N05021H13 ¥-Resorcylamide, N~l-anthraguinonyle

NOeCooy g Anthraguinone, l-methoxy-L-salicylamida)~

HCclooHy g Anthraquinone, l«(2-hydroxy-p-anisamido;-

?.‘054323’—]17 Anthraguinone, l-m-arisamido=l-methoxy-

NoeClCp1H] Anthraquinone, 1-{3-chlorosalicylanide)-lL-hydroxy-

NCrC1oCopHy 3 Anthraguinonz, 1-{3,5-dichlorosalicylamido)=-k~me thoxy-
H3025Hz0+C) 01 Thicpyrylium perchlorate, L-(p-dimethylaminophenyl)-2,6=-diphenyl~
NSOGlBH%I\ﬁ.l/g Hickel complex of dihexyld ithiocarbamate

NB0yCq1H ) Isoxazolium hydroxide, 2-ethyl=5-m~sulfophenyl-, irner salt
NS05CyoHeNa l=Naphthalenesul fonic acid, 3,h-dihydro-3,4-dioxe-, 3-oxime, sodium salt
K8o0gH) iy s Hickel complex of mercaptobenzothiazole

NS0 oHy péng /2 Zine, N-benzyl-N-methyldi thiccarbamate

N32C 1912 '30307}19 Benzothiazolium p-toluenesulfonate=-3=-ethyl-2-(nercaptomethyl)
NSpC)H12 -HSD), 1,2-pithioliwn K sulfate, S-(p~dimethylaminophenyl})=-

NSC33H902n] /2 Zinc, N,N-dieyclohexyl dithiocarbamate

N32Cy) Hypany o Zine, N-benz&l——l\l-cyclohexyl dithioccarbamate

NSpC16Hy ), Bay o Barium, dibenzyldithiocarbamate

NSzclsH]_hCal/g Celcium, dibenzyldithiocarbamate

NSC15H1),01y /2 Cadmium, dibenzyldithioccarbamate

NS0y gHy), *C10), 3,Li-Benzo-5~{p-N,N-dimethylaminophenyl) -1,2~di thiclium perchi-rate
W5,C15H)Co1 /2 Cobalt, dibenzyldithiocarbamate

NSpCygHyCuy /2 Copper, dibenzyldithlocarbamats

NSpC1gHypFey /2 Iron, dibenzyldlthiccarbsmate

NS2C17H;6°Cloy 4 -Phenyl-t=(p~N,N-dime thylaminophenyl) -1,2-dithiolium perchlorate
N32017H3hNil/2 Bis(N,N-di-2-ethylhexyldithiocarbamate Jrckel (II)

NSpC1Hz)2my /o Zine, di-n=petyl dithiocarbamate
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Formula
¥S4C gy g * 010,
NS0y gty 0 CL0),
NSCapH1p-C10)

N32080 lOHSNa?

KZCZHBOl/QOBICCO

NaCgHyy,
NaC11Hy1-BF),
Y2C13M10
FaCrgthg
NoG1gHy7°C17HCL
Nyl gEy7* N0g
NaCzol14

N202 OH17 '503C6H5

N2021H25‘Cl
NaC22H20
NaCaplipy-I

NaCagHag
NzClszth‘Cl

NpC1EgHy7 - HOL

NpGlaGaghy),
Na0CgH) o
N20G11HY),
Fp0C 1) Fg
Ko057) Ho K
Ngoclgﬁlo
Np0C3cH15"C1
Mo0Gy gHy7-1
M0C2gHY),
Np0Cp1Hp3 I
Na0Co7Hzp
N20C1C7),H22CL
N3CC 10y 7Hpp*Ca

NoOolpHg

Name
1,2-Lithiclium perchlorate, Ee(p-dimethylaminostyryl)-3-phenyl-
1,2-Dithicliun perchlorate, 5-{p-dimethylaminostyrylyrli-phenyl
1,2-Di thiolium perchlorate, 5-{p-N=-methylanilinophanyl)-3-phenyl

2,7-Maphthalenedisulfonic acid, 3,l-dihydro-3,l-dioxo=, L-cxime,
disodium salt

Ethylenediamire, compound with 000031

Pyrazine, 2,5-dihydro-2,2,5,5-tetranethyl
Benz-t,7-dimethyl-1,k-diazepinium fluoborate

1-Phenalenone, hydrazone

2,3=Fluorenediamine, N2 N Nz-dime't.hyl-

Quinolinium chloride, 2-(p~aminostyryl}el-methyl-, hydrochloride
Sempervirine nitrate

Aniline, N,N'-(p-phenylenedimethylidyne)di~

Quinoliniwn benzenesulfonate, 2-[2’-(3-indolyl)vinyleng?—l—memyl-
3H~Pseuvdoindclium chloride, 2-{p~dimethyleminostyryl)-l,3,3-trimethyl-
p-Teluidine, N,N~{p-phenylenedimethylidyne)~di-

1H-Cyclopenta/t 7quinolinium iodide, 3-(p-dimethylaminobenzylidene)=-2,3~-
dihydro-li-methyl-

Quinoline, 6,6'-methylenebis/T,2-dihydro-2,2,L~trirethyl

Ammerdum chloride, iﬁ-o(—(o-chlorophenyl)-p-dimet.bylmninebenzyli.dane-
2,5-cyclohexadineylidene dimethyl

2,li-Xylidene, ¢(h~(o-chlorophenyl)—ﬂ-e thyl-oLh -/li-{ethylimino)-3-methyl-
2,5-cyclohexadienylidene/~, hydrochlovide

Antline, W, N-(p-phenylenedimethylidynebia/li~chlore-

m-Toluldine, ¥,N-dimethylel-nitrose

2H-1,5-Renzodiazepin-2-one, 1,3,l,5-tetrahydro~7,8-dinethyl-
Anthra/T,9-cd/pyrazol-6{1F)~one

Potassium salt of phenyleyanomethylenequinoneoxime
Anthra/I,%~ed/pyrazol-&(2H) -one, 2~methyl-

Xanthylium chloride, 3,6-his(methylanino)~

Yorpholinium iodide, l=benz/Cd/indol-2~yl-1l-methyl-

l-Naphthol, 4=(1-naphthylazo)-

Quinolinium iodide, 2~(p-dimethylaminocstyryl)-5-methoxy-l-methyl=
i-Imidazelin~2-cne, 1,3,4,5~tetraphenyl-

Ammonium chloride, (p-chlorophenylecarbamoylmethyl)triethyl-
Ammonium chloride, benzyl(p-chlorophenylcarbamoyimethyl)-dimethyl-

Isatin, 3-oxime

A2



Formula
No0,CgHy g* HCL
Np0pC14Hp1 01
NEOECthlh
F202C14H12
Hp02014H19°Ch
Nz02C 7H1 Y, NL * NGgHE

NpOaCyghyg+ C1
Np0aC20H12
N505Co18y,
Hz03C22H20
Nz0aC1pC21Hy2
N203BrCZlH15
NaC3BryCaifys
W205C15H)
Ha03C13tg
804018821 %1 252
N203021H1h
N203C27H24

K2010ppH31 401
Np0301C1 Hyy
N204C102)1H13
N20),C13H10
[L226 Ren R :0Te)
Na0p0 1681y
M0y, 5160,
NaOp ooy,
N20),Gz0H22
M30,C20H32 T
Np0),Cp1H33°1
¥20),C2of1g
20)Cool
20y Co2H16
N0y C22Haz
H20),Co 3H]_8

Name
o~Senzequinone, L-dimethylamino-, l-oxime
Ammondum chloride, triethyl({p-nitrobenzyl)-
Hydantoin, S-methyl-5-styryl-3-vinyl
2-laphthol, l~(o-hydroxyphenylazo)=-

Ammenium chloride, benzyl{p~nitrobenzyl)dime thyl=-

Senzoic acid, 4 -hygroxy-of-methyleinnamylidenehydrazone, nickelll
derivative, nickell salt, compound with pyridine

Ihnzo[a_Tphenazoxonium chleride, 9-dimethylamino-2-hydroxy-
Indeno/T,2-b/fluorene-6,12-dione, 2,8-diamino=

Acridine, $-{p-nitrestyryl)

p-Anisidine, N,N'~{p-phenylenedimethylidyne)-di-
2=finthraquinonecarboximidoyl chloride, l-amino=N-{m-chlorophenyl)-
Anthraquinone, l-amino-2-bromo-h-(p-anisidino)-

Benzamide, N,N!'-(3,5-dibromosalicylidene)bis
1,2-Naphthoquincne, S~acetamide-~, l-oxime

Benzonitrile, 2-/Z-(2-furyl)vinyl/-5-ni tro-
L-Biphenyldiazonium oxalate-2,l',S-triethoxy

Anthraguinone, 1-{p-aminobenzamido)

Penz/ g /indolo/Z,3-a/quinelizin~2 {14} -one, 3,L,k2,5,7,8,13,13b,1,,1La-
decahydro-3-{hydroxymethylene) -, benzoate

%@Mﬂmtzhloﬂde, 9-{o-carboxyphenyl-3,6-bis{ethylamino)=2,7~dimethyl ethyl
Naphth/Z,3~¢c/acridine~5,ll~dione, é~amino-10-chloro-8-hydroxy-
Lnthraguinone, L-amino-l-benzazido=-6-chloro-

Anthranilic acid, 6-nitro-N-phenyl

Chrysazin, L,5-diamino

Anthrarufin, l,8~bis(methylamine)-

chrysazin, L,5-bis(methylamino)

Anthrarufin, L-amino-B-aniline

Benzamide, N-(3-indolylmethyl)-3,h,5-trimethoxy=-N-methyl-

Pyrrolidinium iodide, l-methyl-l~/T-(3,k,5-trimethaxybenzayl)=-h-piperidyl/-
Piperidinium, l-met.hyl-l-[I—(3,h,S-tr:iJnethoxybenzoyl)-];-piperj.dy];7-
Benzoic acid, p=(4-methylamino-l-anthraquinonylamino}-

heetanilide, Lt'«(L~hydroxy-l-anthraguincnylamine)-

Anthraguinone, il-amino~h-{o-methoxyhenzamido)-

2-Naphthoic aecid, 3-hydroxy=l-{6&-methoxy-m-tolylazo} isopropyl ester
Acetanilide, lt-{h-nydroxy-l-anthraquinonylamine;-N-methyl-

&3



Formula Hame

Na0),C23f20 Anthrerufin, l=(N-ethylanilino}-f-{methylaminec)-

%20),C30H26 Anthraquinone, 1,li-bis/p~(2-hydroxyethyl}aniline/-

otz NS R 1 pee e R

N20}C1020H13 Anthrarufin, heamino~8-(m-chloroariline)

NoOLC1oogHY 7 Anthraquinone, l=-benzamido~h-p-chlorobenzamido

Np0),C1Cz8H1T Anthraquinone, le~benzamido-b-m-chlorebenzamido

Np0},C1C38H19 gzﬁig,}:%mng?mphthﬁ,;’,-_Tacridine-S,lO,lS(léH)-trione, 9-{p-chloro-

N20),Cl9C0H11 Anthrarufin, L-amino=-8-{2,l,6~trichloroaniling)-

Na0yICgH, Benzens, l-lodo-3,5-dinitro-

N205C) 3Hg 9=Fluorenone, 2,6-dinitro-

No0eC1y,Hag Oxanilic scid, L'-amino-21,5'-dlethoxy-, ethyi ester

NoOgCo3H12 Anthraguinone, l-(p-nitrobenzamido)-

Ma0:cCogH18 Anthraquinene, l-benzamido-y-salicylamido-

¥20cCapHig Benzanilide, !j'-(l-anthraquinonylearbamoyl)-=3'-hydroxy-

N2C:CagHng Anthraquinone, l-m-anisamido-h-benzamido-

Na0sC32H0 2-Naphthamide, N-{lj~tenzamido-l-anthraquinenyl)-l-hydroxy-

N205C3gH20 Anthraquincne, S-benzamidc-1,L'-iminodi-

N305C1C2111 g Anthrarufin, Lh~amino-§-{5-ciloro~c=-anisidino)

Na05C1CapHy7 Salicylamide, N={li~"x nzamdo~l-inthraguinonyl)-3~chloro-

NzCeCloCopH14 Anthraguinone, l-benzamide-i-(3,5-dlchlorosalicylamide)~

NaOgClaC31Hy), Naphtho/Z,3 -E?py;rqcoh‘.ne—lE-carboxamide s N={1,3-dichloro-2~anthraguinenyl)-
€,11-dihydro=4, li-cloxo

NyCrlagiro Chrysazin, L~anilino-S-nitro-

NaQpCogtyn Anthrarufin, L=anilino-f-nitro-

¥p0glo1H1), Chrysazin, h-(_I‘J-methylanilino)-5-nitr'c-

Hp0glayHy), Anthrarufin, h=(N-methylanilino}-f-nitro=-

No0gC20M18 Anthraguinene, l-cyclohexylamino~l,f=dihyiroxy~b-nitro

Np0gla1 Hy, inthrarufin, 8-nitro=l-(p-toluidino)-

120£009H1 4 Chrysazin, h={¥~ethylanilinc)-f-nitro

Ho0glaoHy g Adnthrarafing, lj=(p=ethylaniline)-8-nitro-

04003 H1 6 Anthrarufin, 4=nitro-B-(3,L-xylidino)

NalglzeH1E Anthrarafin, li-nitre-f-xylidino

Na0glanHtie Anthrarafin, li={N-ethylapilino)~-f-nitra-

Np04C04H18 Renzoie Acid, p=(%=-aminc~l,8-dihydroxy~l-anthraguinonylemino ethyl ester

&l



Formula

W20¢G2), H18

N204CopHag
N20¢CogHan
¥20¢C2gH18
Np06232H18
Nz20¢C36H20
Na04C1ea0H))
¥a04C1C20H1)
N206¢13Ca0M1 0
Na04C12C2gH16
N20gCLlaCapH]1 ¢
N20401) Gyt ¢
Mg Fy021H11
N207C23M18

No0qCagtog
N207C1023H33
N20gC21t12
208021 Hyo
N20gCo2H]),
Na0gCagtyy,
N208C23H14
N208C36H20
N20gC) 3026
Nz010P2LH16

NzB8CyoHghLy /2
NaSC gy 9T
H580,C17C; 5Hg
N230),CaHyn
NpS50cC gHyp Ma
N250gCy2Hy),
35053 3H22

N8040, gHy yHa

KaS04Co1 Hy g

Name

Benzo/I,2~b-5,L~b/diindolizine-12,1)~dicarboxylic acid, 6,13-dihydro-
6,13=dioxc-, diethyl ester

Benzolc acid, p-({h,B-dihydroxy-5-methylamino~l-anthraquinone
Anthrarufin, h-(N-butyl-m=toliidine)-8-ni tro-
Anthragquinone, l,L-disalicylamido-

Fumaramide, N,N'-di-l-anthragquineonyl

Terephthalamide, N,N'-di-2-anthraquinonyl-

Anthrarufin, L=(p-chlorcanilino)-B-mitro~

Anthrerufin, lj=(m~chloroanilino)-8-nitro-~

Anthrarufin, L=(2,5-dichlorcanilino)=§-nitro
Anthraquinone, 1,l~bis(3-chlorosalicylamido)-
Anthraquinone, 1,5=htis{3~chlorosalicylamide)-~
Phthalamide, N,N'-di-l-anthraguinenyl-3,h,S,é~tetrachloro
Chrysaain, L-nitro-5(of, af, ol~tri fluoro-n-toluidino

Benzolc acid, m~{5-amlno-h,B-dihydroxy-l-anthragquinonylamine)=-,
2=hydroxysthyl ester

Anthrarufin, b-/F-(i-methoxybutyl)-sniline/=-8-ni tro
Anthrarufin, h-(S~chlorc-o=antsidino)-§-nitro=

Bensole acid, m~(h,5-dihydroxy-S-mi tro-l-anthreaquinonylaaine)=
Benzolc aold, a=-(lL,B-dihydroxy~5-ni tro-l=anthraquinonylamine}-
Benzole acid, p-{i,8-dihydroxy-5-nitro-l-anthraquinonylamino-, methyl ester

Benzoie acid, p-(L,5-dihydroxy-8-nitro-l-anthrequinonylamino)~, methyl sster

Benzole acid, p-(h,8~dlhydroxys5-nd tro-l-anthraquinonylemine)=, ethyl eater
Phthalamide, N,N!'-di-l-anthraquinonyl-3,6-dihydroxy=
Salicylamide, 5,5'-methylenebis/N-l-anthraquinonyl

Phthalic ecid, L=(k,8~dihydroxy-5-nitre=l-anthraquinonylamino)-, dimethyl
eater

Picolinamidic acid, N-phenylthio-, nickel’l salt

Pnzothiozolium iodide, 2-{p-dimethylaminostyryl)-3=methyl
3,7=Dibenzothiophenediamine, 2,8-dichloro-, §,5-dloxide
Methanesulfonic seid, (N-methyl-p-nitroscaniline)
1-Phenol-h=gulfonic acid, 2-{2-hydroxy-l-naphthylazo)-sodium salt
2-Naphthol=h~sulfonic acid, l=(6=hydroxy-m~tolylazo)

2-Anthraquinonesul fonamide, 5-(7-oxo-7H-benz/de/anthracen-3~ylamino)-K,N~
dimethyl-

SH-Benzo/a 7phenoxazine-ar'-sulfonic acid, 9-dimethylamino-6,12-dihydro-
S, 6~dloxo-, sbdium salt

Chrysazin, L-amino-8-(m-methylsulfonylaniline)-
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Yomula

NpS0gC23H18
N33040), ), Holy

W2504C1C21 15

N2S04C12C20H1),

Hz5080s lth
NoS0pCa1Hyy,
NzSDBClCE 1H13

NaSpl1oH17e ",‘loh
[\72320191‘[12 'Cth

Nz55C 1012015
N3S520),C1CygH3oNa

N25206GE7H31N3.

N25207C20H1 24z
Np820753 735001 /o
No2S20gCoagHy2kap

1\'23208022}]17 Na
H?SBOECIQH9NB
?]283080]2 Hig* NCSH;

N25309C 37Hy) Nap

Np5),CgHy) 2n
(NBChH)x

N3Gy H1371 /oCucly
N3C10H1Y *C1%) fpZRCly
N3C13Hy), L0y,
N3CygHay*1/2%nC1;
NaCgHpg°I
N3CaHag I
NyCo)Hag CL

NaCogHpc Gl

Name
Salicylamide, N-l-snthraquinonyl-S-(dimethylsulfamoyl)

Anthra/Z,1,9-nna7naphth/Z,3- 7acridine-5,10,15(16H)-trione,
9-/Tp-phenylsulfonyl )benzamido7~

Anthrarufin, L-smino=8-(p-chloromethylsulfonylaniline)-

Acetoacetamide, N-{7-acetoacetanido-2,8-dichloro-3-dibenzothiophenyl)-,
5,5~dioxide

Anthrarufin, he{m-methylsulfonylanilino}-B-nitre
Chrysazin, 4-(m-methylsulfonylaniline)-5-nitro-
Anthrarufin, L-(p-chloromethylsulfonylaniline)-8-nitro-

1,2-Dithicliumperchlorate, 3- {p-[('2-cyanoethyl)methylamino_?phmyl} =h=
phenyl

1,2-Di thioliumperchlorate, 3- {p-/T2-cyanoethyl)methylamino7phenyl} -5-
phenyl

Aniline, 2,2'-dithiobls/i=chloro-

Anmoniun hydroxide, { L-{e(-(c~chloraphenyl)«k-/Ethyl-(n=-sulfobenzyl)aning/-
2-methylbenzylidens ¥ -3-methyl~2,5-cyclohexadiénylidene} ethyl{m-sulfo-
phenyl) -, inner salt, sodium salt

Ammonium hydroxide, Hethyl § 4 H-(p-dimethylaminophenyl) =2 ,hi-di sul fobenzyli~
den§7-2,S-cyclohexadienylidene -, 2={inner salt), l-(sodium salt)

l-Naphthol-l~sulfonic acid, 2-(L-sulfo-l-naphthylazo disodium salt
Patent Blue A
2-Anthraquinonesulfonic acid, l-aminos=h-p-sulfoanilino-, discdium salt

2=Anthraquinonesulfonic acid, 1 -amino-h-ﬁn—l- (2=hydroxyethylsul fonyl }aniling?—,
sodium salt

2,8-Divenzothiophenedi sulfonle acid, 3,7~dlamino-, 5,5-dioxide, monosodium
salt

2,8-Dibenzothiophenedi sulfonic acid, 3,7-dlamino-5,5-dicxide, monosalt with
pyridine

Ammontum hydroxids, ethyl § L~ { p~/ethyl(ar-syl fobenzyl)-amina-K-p-sul fo-
phenylhenzy]:l.danes -2 ,chyclohexaanylidene‘j =ar-sul. fobenzyl=-, ar-{lmer
salt), ar', p-(disodium salt)

Zine, N,Nt-diethylethylenebis{dithiocarbamate)

Cyanaform polymer

Diethylenetriamine, compound with CuCly

Benzanadiazonium chloride, p-diethylamino-, compound with ZnClg
Pyrazolium perchlorate, L-(p-aminophenyl)-1,2-dimethyl-

Bindschedlexr's fNreen

Woinelinium i{edide, 2-[(p-dimethyland.nophenylimino)-methyy'-l-—me'myl-
Quinolinium iodide, 6-dimethylamino-2-{p-dimethylaminostyryl)-i-methyl~
Benzo/ & /phenazinium chloride, 9-dimethylamino-7-phenyl-

Quinoliniwn chlorids, l=-ethyl=-2- 5 =(1l-ethyl=2 (1H) -quinolylidene)propyleny}]—
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Formula

]€3029H32 'Cl
N3G31H)2 ¢l

N30817H15
N302E1C22H16

NBCQC‘]_lthC 1. 1/2211012

.‘\7302013}{9
N302517H13
N3CaCygHy
¥302C19H17
H305C1G1 g0
N303C22H17
K309€23H1g
N303GC28H1 7

N30, Brea3H16
130,C17H g °CL
!\‘3 OhGZBH 15
N30y Cortloe
Na01 Claly) Hy
N404029Hy 7

:':306C 3 5“' 19
¥308C21M11
WCpCl34Mg

N309021H13
M305651 a7
!‘."33‘3 ]_L?Ilh ‘Cl
P.’;Scls'.[l_:"ﬁr
f‘.’3SOh'321H25
;":3505"': fﬁ?
:‘!3505‘:12}{7
?-Igs() :CEUTIMI{a

1‘-'3505(‘,20}{15

Name

Ammonium chlorids, {u-éﬁ-dimethy]amino-ot-(h—ethylamino-l-naphthyl) -
benzyhden57-2 »5~cyelo exadienylidene} dime thyl

Ammonium chloride, {h-qu {p~diethylaminophenyl )me thylene/-2,5~cyclo~
hexadienylidene} diethyl-

2-Maphthylamine, 1-{p-methoxyphenylazo)-
Anthraquinone, 2-tromo-~3-(p-dimethylaminophenylazo)-

Ebnienediazonium chloride, 2wmethoxy-L-morpholino~, compound with
ZnClo

Imidazo-/I,5-a/-pyridine, 3-(p-nitrophenyl}-

Benzole acid, p-{2-amino-l-naphthylazo}=-
Leenaphtho-/T,2-b7~quinoxeline, 9-nitro-

Benzoie acid, p-{2-amino-lenaphthylazo)-, ethyl eater
l=(2=Chloro=i-nitrophenylazo)-azulene

Aeetanilide, p-(L-amino-l-anthraquinonylamino)=-
Acetanilide, 4'-(h-amino-l-anthraguinenylamino)-N-nethyi-

Benzamide, N-l-anthraquinonyl-o=-{2-benzimidazolyl)-Anthraguinone-i=-
[o-(2-benzimidasolyl)benzami do/-

n-Toluenesulfonamide, 6-(Li-amino=3-brono-l-anthraquinenylamine)-
Phenazoxonium chloride, l=carbamoyl=-7-diethylamino«3,li-dihydroxy=-
Acetenilide, L'-{L-amino-3-methoxy-l-anthraquinonylamino
Benzanilide, 21,5'-diethoxy-4'-(2 -hydroxy-l-naphthylazo}=-
Anthraguinene, l,4-diamino-2,3-dichloro-S-nitro-

Anthraquinone, l-benzamido-li-{p-nltrobenzamide)=

Benzamide, ¥-{l-anthraguinonyl)-p-(5,8-dihydro-2-hydroxy-8-dioxe=-1=-
naphthylazo)-

Salicylamide, N-l-anthraquinonyl-3,F-dinitro-inthraqulnone, 1-(3,5
dinitrosalicylamido}~

2-fnthraquinone ecarhoxanide, ¥-(l0-chlorw-%,lli-dlhydro-B-hydroxy-5,1h-
4% oxo-naphth/Z, 3~ /acridin-6-y1}-1-n tro

Anthraruflin, lL-nitro-8-(S-nitro-o-anisidine)-

Trimeili tamide, N,t,K"-tri-l-anthraquinonyl-

Agure &

Thenazatkhienium bromlds, 3I-dimethylamino-T-methylamine-
e=inthraquincnez:licnanide, C-(ethylamino;-Y-{3-dimethylaminoprepyl}-
i-Thenol=2=sulfonamlie, é-amino-h-nitro-

Pherothiazing, 2,8«dinitro-, S-cxide

2-Anthraquinonesiulfonic acid, l-amino=l-{p-amincanilino)-, sodium salt

2-Anthraguinenesulfonic acid, l-amino-l={p-aminoznilinc)-
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Formula
H350¢CanH 5
N3509C2pH)oNa

N3507C2oH1 2Na
N332015H12 +Cl
NaSpT16H1p T

N3520C15H13
N3820¢C37H28N2

N35204C37H36Na
N38204C, 11}y Na
N48,05C,01 3182
N45208Co2H14Na

N45504C0 1H) cNag

K3500gC10aoH) |, Nay

F353C30u3 /2
1353C3Fe
N3S3C3Zn3/2
¥35304C2), Hy | Nap

NpBrC11H11
MLH3CoL /o
K),C1),H17 "5CLCH,
Ny, CygHypeI
MCighig*l
MC15H9 T
WC16%12
16821t
H),016H21°T
ERSTEATIE
M,01H; 9+ SO CH3

K, CagEag 1

Name
Acetonitrile, /N-(5-amino-h,B-dihydroxy-l-anthraquinonyl)sulfanilyl

2-Naphthol-L-sulfonic aecid, l-{2-hydroxy-l-naphthylazo)-¢-nitro-,
sodium salt

Eriochrome Black T
1,2-Dithiolium chloride, S~{p-aminophenylazo)-3-phenyl-

Benz.o;.hiazolimn iodlde, 3-methyl=-2-(3-methyl-2-benzothiazolinylidene-
amino )=

Ferrie complex of l,5-benzo-l,2-dlthiol-3-one, p-acetamidophenylhydrazone

Benzenesulfonic acid,o{ -{L-phenylimino-2,5~cyclohexadienylidens j~ck=/p-(ar-
sulfoanilino}phenyl?-p-t.oluid:l.no-, sodium salt -

Anmonium hydroxide, dimethyl-{ 4-fol-(p-dimethylaninophenyl)-m-/Bis (a-
sulfobenzyl Jamino/benzylidene} -2,5—cyclohexadienylidened -, inner sait,
sodium salt

Ammonium hydroxide, ethyl {L-{el-(p-dlethylaminophenyl)-p-/ethyl{ar-
sulfobenzyl)aminp_?‘oenzylidene 1-2,5-cyclohexadisnylidene } ~(ar-sulfobenayl)-,
inner salt, sodium salt

2-Anthraquinonesulfonic acid, L-amino-h-(L-amiro-2-sulfoaniline)-, disedium
salt

2-Anthraguinonesulfonic acid, h-(Nh-acetylsulfanilamido)—l—amino-, soedium
salt

2-Anthragquinonesulfonic acid, l-amino=-h=-(l-acrylamido-2-sulfaniling)-,
d sodium salt

2~Anthraquinonesulfonlc acid, l*amino-h—_/_ﬁ-(2-chloroacetamido}-—s-sulfo-
anilino/~, disodium salt

s~Triazine-2,),6-trithiol, tricoppert! derivative
s~Triazine~2,k,6-trithiol, monoiront!} derivative
s-Triazine-2,li,6~trithiol, trizine derivative

l-Naphthol=j-sulfonlc acid, 2=/ —(6-—methyl-7-sulfo-2-benzothiazolyl)pherwlazgz,
dsodium salt

s~Tetrazine, J-bromo-&-p-cumenyl-

Acetamidine, N,Nt-dicyano-, copperII derivative

Pyridinium methyl sulfate, 2-(p~dimethylaminophenylazo)-l-methyl=-
Ammonium iodide, trimethyl(2-phenyl-2H-benzotriazol-S-yl)-
3-Ficolinium iodide, 6-{p-dimethylaminophenylazo)~l-methyl=
L=Picolinium iodide, 2-(p-dimethylaminophenylazo)-l-methyl-
2,21-8tilbenedicarbonitrile, L ,U'~diamino=-

Fyridinium iodide, L-(L-amino-3,5-diethylphenylazo)-l-methyl-
3-Ficolinium iodide, &-(L-dimethylsmino-o-tolylazo)-l-methyl-
Quinolinium chleride, S-(p=-dimethylaminophenylaze}-l-methyl
Quinolinium methyl sulfate, 5-(p-dimethylamlnophenylazo)-l-methyl-

Pyridinium iodide, L~{p-dipropylaminophenylezo)-L-methyl-
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Formula
HL19H16
NC1gH19°T
NyCooM1l
H),820d320
N,CilqH K
3),ClpCcHlg

N300 6H1 ), »50),CHy
¥),001 6071

4,00 gHp5° 1
8,001 oHg
§,001Cy Hyp X

N, 0C1C16H) 61

N0 Hy T
R},02Cy) Hy71
NO2C1sH1 51
W), 050G pHy VL
K),02C18H18
N),02C1 914
N, 02C28H 2

Nh OQC?BLIMJ +2C1

K}, 0pCqgH35°21
Nh03c 1088
M,03C15H13°1
NhOBCléHlB

K, 0nCanf18
N,0),512C17H16

ML, 05C12Hg
N1,06C26H16

Ny, 04836t 0 B2
N),07C1), g
N,08C50R30

¥ 010852H6

Name
N~,H'-Diphenyl-c-(L=-pyridyl)=formazan
Pyridinium iodide, l-methyl-2-/p~(N-methylanilino)phenylazo/-
Imidazo-/T,S-a/-pyridine, 3,3'-(p-phenylene)bis-
Benzimldazole, 2,2'-vinylenebis/I-allyl-
Benzamide, p-chloro-N,N'-dicyano-, potassium derivative
Purine 2,6-dichloro—ar7-mercury derivative
Pyridinium methyl sulfate, 3-(L-hydroxy-l-naphthylazec)-l-methyl-
1H-Imidazo/T,2-a/pyridintun iodide, 3-{p-methoxyphenylazo)-1,2~dimethyl-.
Pyridinium icdicde, 2-{l=<liethylamino-2-ethoxyphenylazg)-l-methyl-
s-Tetrazine, 3=(p-chlorophenyl)-6-ethoxy~

1H-Piimd dazo /T, 2-a/pyridiniuniodide, 3-(p-chlorophenyilazo)-2-hydroxy-1-
methyl-

1H-Tmidazo/I,2-a/pyridiniun iodide, 3-(S-chloro-2-methylphenylazo}-l,2-
dime thyl-

Pyridiniom iodide, L~(h-amino~2,5-dimethoxyphenylazo)-1-methyl-

Pyridinium iodide, L~(L-amino=2,5-dimethoxyphenylazo)-l-methyl-
Imidazo[r,2-§7pyﬂdiniwn iodide, 2-hydroxy-3-(p-methoxyphenylazo)-1-methyl-
Benzoic acid, (dimethylethanediylidene)dihydrazone, dinickel!l salt
Quineline, 1,2-dihydro-2,2,,~trimethyl-6-(p-nitrophenylazo)-

Carbanilic acid, p-2H-naphtho/1,2-d7triazol=2-yl-ethyl ester

9H, 18H-Bisbens/8,7/indozolo~/Z,3,4-m,n,0,21,31,h'~£,g,h/phenazine-3,18+
dione

Aér_umonim chloride, [5 ,n! -biphem.rlenebia(ind.nocarbozwlmathylene)_?bis-
triethyl-

Ammorium iodide, /I,L-snthraquinonylenebis(trimethylene)/ois/Trimethyl~
Xanthine, $~furfuryl-

Imidazo/I,2~a/pyridindum iodide, 3-(o-carboxyphenylazo)=2-hydroxy-L-methyl-
o-Anisidine, S-ethyl-h-(L-nitro-o-tolylazo)-

Oxalic acid, bis/Z-(2-hydroxy-l-naphthylmethylens)-hydrazide/

1(2H) -Quincline ethanol, 6-(2,6-dichloro=l=nitrophenylazo)-3,4-dihydro-3=
hydroxy-

Azuxybenzene, 3,3!'-dinitro-
Anthrarufin, h-nitro-8=/5-(phenylazo)anilino/

Ammonium bromide, g sls" ~biphenylenebis-(inminocarbonylme thylene/bis/Tp~
carboxybenayl)dimethyl-

m-Dioxane~2-acetaldehyde, l,6~dimethyl-S=~oxo«, 2,L-~dinitrophenylhydrazone
Phthalamide, N,N'-bis(h-benzamido-l-anthraquinonyl)-
Pyromellitimide, N,N'-bia(h-benzamido-l-anthraquinonyl)-
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Formula

Ny, S5Cq 4ty Hey fo
50 ¢,
NhSOC]_gHgO

W S0C0H23 750307y

Nhsozcléﬂlh
NhSOzClTH19'SO3G7H7

X),802C1 818
K|, 302G 1 gH) 9*S03C7Hy

§,,5050) gy o+ 50307 Hy
M,50,C 1 gHa1 750584,
N, 502021138
N;SC3Cagfipy *S03C7Hy
3503510y gHta5 *504C7Hy
N,504819M20

NhSO3GlClEng

NL‘SOLFZ 3ng\'38 1 /2
1),50),Ca3H15Na
K},30),CogM)2 201

m,30cC1eM14
N),S09Ca7H) gNa

NhSOIOC 56H32

NhSz OhC 20Hz2
NthOh_G LaCanHis

¥),3506C0c0Hap
1),5208C28H24°C12
E{hSreOgGhoHBh'?Cl

T-ThSz 0100 3 th hNaz

Dithizone, mercuryll chelate
Benzothiszole, 2-(p-dimethylaminophenylazo)=
Benzothiazole, L,6-dimethyl-2-(p-morpholinephenylazo)-

Renzothiazelium p-toluenesul fonate, 3,k ,6~trimethyl-2-{p-morpholine-
phenylazo)-

Benzenesulfonamide, p~(2-amino~l-naphthylazo)-

Bensothiazolium p-tolyenesulfonate, 6-hydroxy-2-{h-ﬂ'2-hydro:qret.hyl)-
me thyLamino, 7phenylazo’j -3-methyl-

Benzothiazole, l-methoxy-2-{p-morpholinophenylazo}-

Benzothiazoliun p~toluenesulfonate, L-hydroxy-3-methyl-2-(p-morpholino-
phenylazo )~

Benzothiazolium p-toluenssulfonate, &-hydroxy-3-methyl-2-{p-morpholino~
phenylazo)-

Benzothiazolium p-toluenesulfonate, l-methoxy-3-methyl-2-(p-morpholine-
phenylazo)-

Benzo/ h7quinolin~3-0l, 1,2,3,L-tetrahydro-6-(5-methoxy=2-henzo-
thiazolylazo)-

Benzothiazolium p-toluenesulfonate, é-methoxy=-3-methyl-2-(1,2,3,k~tetrahydro-
J-hydroxybenzo/h Jquinolin-6~ylazo)=-

Benzothiazolium p-toluenesulfonate, -{h-@is(E—hydro:qrethyl)aMng'—Z-
chlsrophenylazo } -6-methoxy-3-methyl-~

1(2H)-QquinolineBthanol, 3,h-dihydro-3-hydroxy=-6-(6-methoxy-2-benzothiazolyl-
azo)-

Ethanol, 2,2'-/3-chloro-lL-(6-methoxy~2-benzothiazolylaso)phenylimino7 i -

2-Naphthol-6-sulfonic acid, 1-/0-{2-benzimidazclyl)phenylazo/-, calcium
salt - -

2-Naphthol-é-sulfonic acid, 1-/0-(2-benzimidazolyl)phenylazo/-, sodium
salt - =

Compound from 3,7-bis(chloroacetamldo)dibenzothiephene-C,5-dioxlde and tri-
ethylamine

Acetamide, N-/T-kydroxy-8-(2-hydroxy-£-sulfamoylphenylazo)-1-naphthyl]-
Diamond Black F

3,7-Dibenzothiophencdiecarboxanide, N,N'~bis(li-benzamido-l~anthraguinonyl)-,
g,5-dioxlde

p-Phenylenediamine, N,N-dimethyl-ar,ar=-disulfanilyl

Oxalic actd, bis/2-{5-chloro~-3-hydroxy-L-methyl-2-thianaphthenylmethylene)-
hydrazide/

6H-Anthra/9,l-cd/isothiazole-3~carboxamide, N,N'-(6,12-dihydro-6,12-
dioxoindeno/T,2=b/fluorene~2,2~di yl)bis-/S-ox0-

Pyridinium chloride, 1,1t~ { vinylenebis/{3~sulfo-p-phenylene)imino=
carbonylmethyleng_?] bis-

Compound from k,lit-bis(chloroacetamide-2,27-stilbenedisulfonic acid, di-
phenyl zster, and pyrldine

Benzazurine G



Formula
,53014%1 gHy,Nap

S *HC
N'SCl2 lSHll HCl

Nsﬂclcléﬂlh
:‘:SOECISH]‘L oI
!:502‘3 18H13
HcOzCp2H1 300
le0aCa3Hy 700
N502C30Ho1
550201327H20
NgS0),C19M13
N550h022H2hNa
"550gC19M11 48,

N55208028H19Na2
Ne3209C35Ha7Nap
Ne540gC35Hy7Nay
N53),012C1C] gHy), Nap

N6011H13'SOhGH3

Nslaatg

NgGaqt g

NgGalqHy,

Ng0zt11H12

MgDp01 gHy pMip + 2NCcHL
MéOhCIQCBhHaé
”6060b5H2h
Hg012%72H)2

Ng503C1C ) Har

NgS03C10oeHsg+S03C7Hy

Name

l-Naphtﬁol-?, sG-disulfonic acld, S-acetamido-2-(m-sulfamoylphenylazo)-,
Hsodiwm salt

s-Trlazine, 1l,Lh-bis(p-chlorophenyl)-1,2,3,8~tetrahydro-2,6~dianine,
hydrochloride

a-Triazine-i-(p-chlorephenyl)-1,2,3,6-tetrahydro-2,6-diiming-1~
{p-m=thoxyphenyl)

2=Naphtho-o-toluidide, h-@- (2-benzimidaz alyl)phenylazg?’-S '—chlore=-3=-
hydroxy

Imidano/T,2=a/pyridinium iodide, 3-(p-nitrophenylazo)-1,2-dimethyl-
Perimidine, 2-methyl-6-(p-nitrophenyliazo)
2,i-uinclinediol, 3«&3—[2—benz:l.mi.:iazoJ.:,r.'l)phenylalzg%cr.:ppﬂ'x'II
Acetoacetanilide, 2-/0-(2-benzimidazolyl)phenylazo ~copparil derivative
2-Naphthanilide, h-/0~(2-benzimidazolyl)phenylazo/-3-hydroxy-

2Hi0yc lopentaﬁ_] pyridazine, ars-(E-chloro-h-ni trophenylazo)-1,k-di-p-
tolyl-

N={2=hydroxyphenyl}-N' =(2~hydroxy-5~sul fanylphenyl )=c~phenylformazan

2-Naphthalenesulfonic acid, 6-{ h-—ﬁthyl-(2-ureidoethyl)amin9_7-o-
tolylazo} -, sodium salt

Mordant Brown 18

l-Naphthol-3-sulfonlc aeid, é-amino-Z-LE'-(h-h;clmm—E-sulfophenylazo) -
Li-bisphenylaza/-disodium salt

2,27-5tilbenedisulfonic acid, li-(p-aminobenzamido)-L'-p-{praminobenzamido)=

benzamido-, disodium salt

Phenazinium hydroxide, 3-(L=amino-3-sulfoanilino)-7 -—_/fé'thyl(m-auli‘obenzyl)-
aming/=5-p-sulfophenyl-, 3,7-(disodium salt)

l-Naphthol-3,{~disulfonic acid, 8-acetamido-2-{5-chloro=2,l~disulfanoyl-
phenylazo)-, disodium salt

Pyridinium methyl sulfate, 3-(2,6~diamino-3-pyridylazo)-l-methyl-

Pyridinium methyl sulfate, 2-@-(p-dimethylanﬂ.nophenylazo)-phenyl.azo_?—l—
methyl-

¢,263 13,18-Diimino-7,1k1 20,2l~dimethenodibenzo~/c,n/-/1,6,12,17/tetra-
azacyelododscosine

S-Pyrazolol, li~/o-(2-benzimidazolyl)-phenylazo/-3-me thyl
s=Triazine, 2,L-bis(hydroxyamino)-6-diethylamino
L=Pyrimidinol, 2,5-diamino-C-{p-methexyphenylazo)~

Oxalimidic acid, bis(salicylidene hyc!razicles)\‘4&'1:1'3.rﬁ.ckelII derivative,
compound with pyridine

Acetonttrile, (3,3 '-dichlorc—p-biphenylylenebisazo)—bia[E—ethoxybenzoyl-
s=Triazine, 2,l,6-tris(t-anino-2-anthraquinonyl)
Irimellitamide, N,N',X"-tris{l~benzami do-l-anthraquinonyl)-

Propionitrile, 3,3'~- _ﬁ-chloro-h-(6-metboxy—2-benzothiazolylazo)phenyl-
iminobis{ethylensoxy) di-

Benzothiazolium pstoluenesulfonate, 2-{{ lL-bis/Z-(2-cyancethoxy) ethy]_.?amino}

2-chlorophenylazo} ~6-methoxy-3-methyl-
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Formula

N6506C’12030th0h2
NgS06C1a032M),
N6506C- lZGBhHEB
NgSp09C15C30H] gap
N-()Sgomc 3),FpgNas
Ng3), 0163, an ey,
NoCl3CygH)p

N7520mC32H17Cu 2

}!7530901(:26}[17}5&3
NgC3oH cCLFe
N8032H16(Ge012)
NgSUYCloCyalpg
NgS0gT,C4) g
Ng80)5C1aCq0H07
NpSq0,C10, gy g8y
FgS3010021 Ry 7Nas
NpS3010035H,5Nag

N95033H26 01

NgSg010CagHagha;
1'195&012525321

NlQSCTH{_]

H16%0001p

N1 89023118571 12

Name

2,h-Quinolinedid, 3-/Z,8~dichloro~7-(2,L-dihydroxy-3-quinclylazo)-
dibenzothiophene-3-ylazo-S,5-dioxide, copper derivative

Acetoacetanilide, 2-4 2,B-dichloro-7 -g-(phenylcarbamoyl)ace tonylazg?-
di benzothiophene~3-ylazo } -5,5-dioxide

o-hcetoacetotoluidide, 2- {2,8-dichloro-7-/I-{o-tolylearbamoyl}-
ace tonylazo/dibenzothiophene~3-ylazo} -, 5,5-dioxide

2-Anthraquinenesulfonic acid, l-amino-h—[h-@—(h,é-dichloro-s-t.riazin—
2-yl)-benzamido/-2-sulfoaniline}-, disodium salt

1-Naphthol-5-sulfonic acid, 2,2'-(3,3'-dimethoxy-L,L'-biphenylylene-
bisazo)bis/F-amino=, disodium salt

1-Naphthol-3,6~disulfonic acid, 2,21-(3,3'-dimethoxy-h,\'-biphenylylene-
bisazo)bis/%—amino-, disedium salt

Pyridinium chloride, 2-—{p-,_’{'h,é-dichloro—s-triazin-E-yl)aming_?'phenyl'-
ag.:} ~1-methyl-

Propionitrile, 3,3! -/li={2~chloro-h-nitrophenylazo) m-phenylenediiming?di—

1-Naphthol-3=sulfonic acid, 6,6'dminobisﬁ’!—(2-hydro:<;y-l|,-nitrophenylazo)—,
tetracopper I derivative

1,5=Haphthalenedisulfonic acid, 3-§ l=/Th-chloro-6-p-sulfoaniline-s-
tr:l.azin-2-yl)aming?-—o-t.olylazo} -, trisodium salt

Phthalocyanine, (t::l']].oroi.rcn)II derivative
Phthalccyanine, dichlorogermanium derivative

S=Pyrazotol, l-/Z,B-dichloro=7-(5-hydroxy-3-methyl=-1l-phenyl-4-pyrazolylazo)-
dibenzothiophene-3~ylazo/=3-methyl-l-phenyl-, $,5-dioxide

2-Naphthanilide, 3!/Th,%~dichloro-s-triazin=2-yl)amino/-l~/5-(diethyl-
sulfamoyl)-2-me thoxyphenylaza/~3-hydroxy-

Acetpacetanilide, 2-42,8 -dichloro-?-éf—(p-ni trophenylearbamcyl jace tonyl-
azo/dibenzothiophene-3-ylazo} -L'-nitro-, 5,5-dloxide

1,5-Naphthalenedi sulfonic acid, 3-{ ~l§/i-chloro~6-(2-p-sulfophenyknyirazino -
s-triazin-2-yl/amino § ~o-tolylazo} -, ¥risodium salt

1-Naphthol-3,6~disulfonic acid, 8-{[5 ,6-bis(methylamino)-s=-triazin-2~y17-
amin03 <2~({o=-sulfophenylazo)~, trisodium salt

L-Naphthol-3,6~-disulfonic acid, 8-{/k,6-bis(octylamino)-s-triazin-2-y1l/-
aminog -2-{o-suifophenylazo )=, triscdium salt

N,H'-Bi s{p-phenylazophenyl)-C-2-benzothiazolyl)~formazan

1-Naphthol~3~sylfonic acid, 7-amino-8-§{5-{{i,6-bis/Eis(hydroxyme thyl)amino/-
s-triazin-2-yL amino?-E-suli‘ophenylazo -, Aisodium salt

l-Naphthol-3-sulfonic_acid, 7-acetamido-2-[5— { Ly &=1is /Bis(hydroxymethyl)-
aminp]—s—triazin-E —yl] amino} ~2=-sulfophenylazo{-, disodium salt

l-Naphthol-3,%-disulfonic acid, B-benzenesulfona.—nide-E-{Sm,G-diamino-s—
triazin-?-yl)arntng_?-?-sulfcphenylazn -

Guanidine /ol -(1H-tetrazol-G-ylaze)-2=-thenylideneanine

5,2L: 12,17-liimino=7,10: 19,22-diepi thiodibenzo/m,r/-/T,3,k4,6,11,13,1},167-
octaazacycloeicosine

2-Naphthol-k-gulfonic acld, 6-/(L,6~diamino~s-triazin-2-yl)amino/-Ll-{5=
hydroxy-3-me thyL-l-p-sulfophenyl-i-pyrazolylazo =, chromiumiil Jerivative
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Formula

105208023800

N10%),012035Ha,Cu

Hay W0y,
0Cp3iip7C10)
%C29%20
0Cl023H14°CL
OECTHSC“I /2
O2C7HsCu) f2
0zC11H7Cu fo
%2l My /o
02020110
%C20%10
OgCzeM12
0,CH(A10H) 4o
02C1307Hy
03Cyi3cii; o
03021 a5 M
T
03C2)fi20

0,21 e /2
Ohczlﬂzhbﬂ.

0y CaaHy
0,Caghiny,
0),Cy¢Ha2
0183232
Ogl22H10
0gl2nth >
Booothap°t
PC1GC; pHy o MCCa
PNaCy)Hpq°CL
FH350,CcH; g
POGagHag I
POg0y)Hy4°C1

Nane

2-Naphthol-h-sulfonic acid, 6-/-(14,6-diarrdno-s-tria.zin—-2-yl)%ng]—l-
(5-hydroxy-3-me thyl-1l-p-sul fophenyl-li-pyrazolylazo) -, coppe erivative

Phthaleeyaninetrisulfonie acid, [Cp—carbanoylphenyl Jsulfamayl/-c ::pperI 1
derivative -

Sodium vanadate(Najwy)

Pyrylium perchlorate, 2,L,6-triphenyl-

Cyclopentadiencne, tetraphenyl-

1-Benzopyrylium chloride, 2-({p-chlorostyryl)-L-phenyl=-
Tropolone, e.::»pperII derivative

Salicylaldehyde, copparil derivative

1-Naphthaldehyde, 2-hydroxy-, copperll derivative

Nickel complex of 2=-ethylhexylsalicylate
Indeno/I,2-b/fluorene-5,12-dione
Indeno/Z,l-a7fluorene-11,1,~dione
Dibenzo/d,h/pyrene-7,1L-dione

aAluminue formate

p-Benaoquinone, 2,3,5-trichloro-S-methyl~

2-Hexenoic acid, 3-hydroxy-S-methyl-, ethyl ester, nickelll derivative
Nickel complex of 2=hydroxy-h-cetyloxybenzophenone
Spiro/Z4=l-benzopyran-2,3'-/IH/aphtho Z,1-b/-pyran, 8-methoxy-

Spiro/2Hi-l-banzopyran-2,3! -/ naphtho/Z,1-b/-pyran, B-methoxy-2',3-
dimethyl=-

Anthraquinone, 1,2-dihydroxy-, dititanium!’ derivative
Benzophenone, 2,2'-dihydroxy-h-octyloxy-, nickelll derivative
/A2,21(14,14" ) -Binaphthalene/-1,1'~dione, h,h*-dimethoxy-
1,3~Indanedione, 2,2'-{p-phenylensdimethylidyne)di~
3-Hexynedioic acid, tetraphenyl

Pentac 10419.3.1-13’7-19’13-115’19‘octaco=aa1(25),3,s,uzaa,9,11,13(27).
12,17.15(26) 31 ,23-dodecasne-25,26 127, 28~ te trol~F, 11 17, 33 ~te trans thyi~

Indeno/I,2-b7fluorenc-2,8-dicarboxylic acid, 6,12-dihydro-6,12-dioxo-
1,h,5,11,13-Pentacene~hexane=5,7,12 1l -tetrahydro

Triphenyl ethyl phosphonium iodide

Phosphine, chlorodiphanyl-, compound with CuCN

Phosphonium chloride, /f,6-dimethyl-s-triazin-2-yl)methyl/triphenyl-
Phosphine imids, N-{f-nltro-2-benzothiazolyl)-P,P,P-triphenyl-
Fhosphoniwm iodide, dimethyl{3-cxo-1,5-dphenyl-k-pentenyl }phenyl=

Fhosphonium chlorlds, bis(hydroxymetihyl)-diphenyl



Formula
e 31232 -l/h!"
a1 ,wnj?'_q AJHE
FO30y9Han *1/ENLN,0,

FO4C1 Heep *1 /-
["‘.u-’\-."ﬂj Jae H'!-'QHQD?

P03y g ok MR-
(MCy)2.TH07

P0).03 0" 1/MuNa0¢
P2y 01 27+ L/UWNiNp0g
PC) % 6731,50, 4o

saf2 I‘OhG 16H35

P80y 6ty o
PS,0,0eH 0% ) 1o
Pril30g

iyt g
“1219010M 2 "HH010%
51405C¢H) g
51190

S0 Cantgy

505 aM},oNL « THy

5C,CoaF}0° M
50, 0 gy, gt * 3,

520017810

S5Gfl12

S3C23ts

5),81cMg

Sn¥yaHy 5=Sn0C) cHy ¢
SHZOI;CEOHM

m
150:FCoptg

,r{ﬂf‘-3)3
0

Name
Chromiun nitrato-ditutyl tutyl phosphonate complex
Phesphonic acid, buiyl-, dlbutyl estsr, compound with 221.(!'!03)2

Suaprie o trate-tis(2-ethylhexyl)-2-sthylhexylphosphonaic complex
WHekel nitrate-bls(2-ethylhexyl)-2-ethylhexylphosphonate complex

Butyl phosphate /T0},Ho0);P0/ compound with Cu(N0y),
Butyl phosphate [Tchﬂpo)apg compound with Ni{¥3)o
Hexanol, 2-ethyl=-, H phosphate, Coll salt, compound with tis(2-ethylhexyl)
H phospﬁate

Phosphinodithioic acid, dicctyl-pickelld salt
Bis{di~se¢-butyldi thiophosphetoickel([I)
Prassodymium nitrateé?rifioj}37'

Silane, methyltriphenyl-

2,2v-Ripyridyl complex of dichlerodiphenylsilane
Cyclotrisiloxane, hexamethyl-

Cyclotetrasiloxane, octaphenyl-

dtanium, tetrakis{triphenylsiloxy)-

Phendl, 2,2'-ttﬁ.obis_/ﬁ-(l,l,},}-mtrameﬂ*ylbutyl)-, d.i.rd.ckelII derivative,
menoammine

Nickel complex of 2,2'-thiobis(l-t-octylphencl)
Ammine-nickel complex of 2,2!-thiobis(L-t~octylphenol)

Salicylic acid, 5=/ (3-carboxy-5-methyl-l-oxo-2,5-cyclohexadienylidene)-o=
sulf‘obenzylidim_a?— -methyltrisodium salt

3-Benzoylmethylene~1,2-dithicle

i, 6-TMphenyl thiothl ophthene

li,5,6=Triphenylthiothiophthene

Hethane, bis(3H~-1,2-benzodithiol=-3-ylidene-
Methanetricarboni trite-( triphenylstannyl)- compound with triphenyl hydroxide
1,3,6,8,21-Tetroxadistanmecane, 2,2,7,7-tetrabutyl

Titanium, oxybis/dicyclopentadienyl-(trifluorcacetoxy)-

9L



