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The Preparation of 1-Nitropentane.—A solution of 135 g.
(0.894 inole) of n-amyl bromide in 100 ml. of petroleum
cther (45-55°). contaited in a 500-ml. tliree-necked flask
fitted with a reflux condenser, mercury-sealed Hershberg
stirrer and thermometer, was chilled it an ice-bath to 3°.
A 59 excess (145 g.) of silver nitrite was added as rapidly
as possible, the ice-bath removed, and the temperature of
the well-stirred mixture allowed to rise to 40° (1/, hour).
The temperature of the exothermic reaction was kept at 38—
42° for 5.5 hours by external cooling. A bromide test on
the reaction liquor was negative at the end of this time. (It
was carried out by warming a sample with alcoholic potas-
stum hydroxide, acidifying with dilute nitric acid, and add-
ing a solution of silver nitrate).

The mixture was filtered, and the silver salts washed on
the funnel with 7 X 50 ml. of petroleum ether (45-55°).
Removal of the solvent and low-boiling by-products (mostly
alkyl nitrite) was carried out up to a bath temperature of
83° (25 mm.). A 15-cm. Vigreux column was used. The
pale yellow liquid residue weighed 80.3 g.

The crude product thus obtained was added dropwise to
a stirred solution of 5 g. of urea in 250 ml. of concentrated
sulfuric acid at 0°. The temperature was kept between
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0-2° by the rate of addition and by chilling in an ice-salt-
bath (twenty minutes for complete addition). The resulting
vellow solution was stirred for 10 minutes longer at 0°, and
then, with manual stirring, poured over 500 g. of cragcked
ice to which had been added 200 ml. of petroleum ether (45—
55°). The container was chilled in a salt—ice-bath during
this process. After separation of the layers, the aqueous
layer was extracted with 2 X 150 ml. of petroleum ether
(45-55°). The combined organic layers were washed with
3 X 800 ml. of saturated sodium chioride solution and dried
over calcium chloride. Removal of the solvent under re-
duced pressure left 72.0 g. of pale yellow liquid which was
rectified at 23 mm. through the column described above.
Three fractions were taken. The combined fractions
1wei%hed 69.60 g., corresponding to 66.69% of that calcu-
ated.

Fraction B.p., °C. n2%p Wt.. g. Color
1 75.0-75.5 1.4152 0.55 Colorless
2 75.5-76.0 1.4154 6.45 Colorless
3 76.0-76.1 1.4154 62.60 Colorless
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Azo-bis Nitriles.!

Decomposition of Azo Compounds.

A Special Case of Carbon-

Carbon Hyperconjugation in a Free Radical Reaction

By C. G. OVERBERGER AND ALEXANDER LEBOVITS
RECEIVED JANUARY 9, 1054

Azo nitriles prepared from methyl cyclobutyl ketone, methyl cyclopentyl ketone and methyl cyclohexyl ketone have been

prepared and characterized.
of the azo nitrile from methyl cyclopropy! ketone.

The rates of decomposition have been measured and compared with the rate of decomposition
The evidence strongly indicates that the enhanced rate of decomposition

of the methyl cyclopropyl azo nitrile is due to delocalization of the carbon—carbon bond in the cyclopropane ring (hyper-

conjugation).
support.

There is considerable evidence largely based on
calculations of ionization potentials that hypercon-
jugation is of much greater importance in carbo-
nium ion transition states than in radical omnes.?
Although there is some experimental indication
that hyperconjugation of hydrogen atoms in radi-
cal transition states may influence the rate of some
reactions, there is no experimental evidence for
carbon—carbon hyperconjugation in a radical reac-
tion.

This paper describes the preparation and decom-
position of the azo nitriles derived from methyl cy-
clobutyl, methyl cyclopentyl and methyl cyclo-
hexyl ketones and compares these results with
those previously obtained from the decomposition
of methyl cyclopropyl ketone.?

The evidence strongly supports a case of carbon—
carbon radical hyperconjugation previously sug-
gested.* 'These results again emphasize the value
of radical formers which decompose by kinetically
clean processes independent of solvent effects, for
studying the effect of structure on reactivity.

(1) This is the tenth in a series of articles concerned with the de-
composition of azo compounds. For the ninth paper in this series, see
C. G. Overberger, P, T. Huang and T. B. Gibb, Jr., TH1s JOURNAL, 75,
2082 (1953).

(2) E. C. Baugham, M. G. Evans and M. Polanyi, Trans. Faraday
Soc.. 87. 377 (1941).

(3) C. G. Overberger and M. B. Berenbanm. Turs Journar, 73,
2018 (1051

This is the first reported case of carbon-carbon radical hyperconjugation whichh has strong experimental

A, Preparation of Azo Compounds

1. Discussion.—The azo compounds from
methyl cyclobutyl, methyl cvclopentyl and methyl
cyclohexyl ketones were prepared according to
previously described procedures.? Methyl cvclo-
butyl ketone was prepared by reaction of cyclobu-
tanecarbonyl chloride with the magnesium salt of
malonic ester. This preparation represents a use-
ful procedure for its synthesis.> The cyclopentyl
and cyclohexyl ketones were prepared from the
corresponding cycloalkylmagnesium bromides and
acetic anhydride at low temperatures according to
the general procedure of Newman and Smith.®* No
attempt is made here to record the numerous re-
ported syntheses of these three cycloalkyl ketones;
it is sufficient to state that they have not been re-
ported prepared by the methods described here.

Both stereoisomers, the d/ and meso forms of the
azo compounds of methyl cyclobutyl ketone and
methyl cyclopentyl ketone were isolated and char-
acterized. Two stereoisomeric 1,2-disubstituted
hydrazines were isolated from the reaction with
methyl cyclopentyl ketone. Separation was ef-
fected by fractional crystallization. The separa-

(4) C. G. Overberger, M. T. O'Shaughnessy and H. Shalit, ¢bid., 71,
2661 (1949).

(3) H. G. Walker and C. R. Hauser, ibid., 68, 1386 (1040).

(6) M. S. Newman and A. 8. Smitlh, J. Org. Chewm.. 13, 542
(1G48)
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tion of similar isomers from other unsymmetrical
ketones was reported previously,?

The coupled products from the cyclopentyl and
cyclohexyl azo compounds obtained in the kinetic
experiments were also characterized. The prod-
ucts obtained from the decomposition of methyl
cyclobutyl ketone will be reported separately.

It has also been demonstrated that the 1,2-di-
substituted hydrazine nitrile from acetone can be
successfully oxidized by means of sodium perman-
ganate in acid solution 1 629, yield.

Experimental’

Cyclobutanecarboxylic Acid.—The procedure was similar
to that described by Cason and Rapaport® except that 5
times the quantities were used.

Methyl Cyclobutyl Ketone.—Cyclobutanecarbonyl chlo-
ride was prepared from cyclobutanecarboxylic acid and a
50-609%, excess of phosphorus trichloride, 55%, b.p. 136.5—
140° (atm.).

The general procedure of Walker and Hauser® for the
preparation of methyl ketones from the magnesium salt of
malonic ester and an acid chloride was used. The magne-
sium salt of ethyl malonate was prepared according to the
procedure of the above reference from 80 g. (0.5 mole) of
ethyl malonate, 12.16 g. (0.5 g. atom) of magnesium turn-
ings in 61 ml. of ethanol and 178 g. of anhydrous ether.
To this was added 32.3 g. (0.27 mole) of the cyclobutane-
carbonyl chloride in ethereal solution with vigorous stirring
as fast as the refluxing would permit. The reaction mixture
was refluxed for !/; hour and allowed to stand overnight.
The condensate was hydrolyzed and decarboxylated as de-
scribed in reference 5. The reaction mixture was poured
into 2.5 moles of sodium hydroxide in 400 g. of ice and water.
The organic layer was separated, washed with sodium hy-
droxide solution followed by water and the aqueous layers
were combined and extracted with ether. The ether layer
was washed with water, added to the organic layer and
dried. The residue was distilled through a Vigreux column,
14.9 g. (55.5%), b.p. 134.5-141° (763 mm.), n®p 1.4290
(b.p. 134.8-135.2° (750 mm.), »%p 1.4300, from acetic acid
and cyclobutanecarboxylic acid over a manganous carbon-
ate catalyst).?

A 2,4-dinitrophenylhydrazonel® was
123.9-126.9° (m.p. 119.9-121.3° uncor.).?

Methyl Cyclopentyl Ketone.—The procedure of Newman
and Smith® for the preparation of ketones from anhydrides
at low temperatures was utilized. The Grignard reagent
from 40 g. (1.65 g. atoms) of magnesium turnings, 164.5 g.
(1.1 moles) of cyclopentyl bromide in 440 g. of ether was
prepared. This solution was added to 115 g. (1.13 moles)
of acetic anhydride in 204 g. of ether at —70° with vigorous
stirring over a 75-minute period. The reaction mixture
was allowed to warm to —10°, water was added and the
ether layer separated. The aqueous layer was extracted
with ether, the ether solutions combined and shaken with
potassium hydroxide solution followed by washing with
water. All aqueous solutions were again extracted with
ether and the combined ethereal solutions dried over anhy-
drous magnesium sulfate. The residue was distilled through
a Vigreux column followed by redistillation of several frac-
tions. 53 g. (43%), b.p. 85.3-88.3° (78.5-79 mm.), %D
1.4409 (b.p. 94.8-95.0° (99 mm.), »»p 1.4411, prepared
from acetic acid and cyclopentanecarboxylic acid).?

The 2.4-dinitrophenyvlhydrazone!® was prepared, m.p.
126.9-127.7° (m.p. 126.9-127.3, uncor.).?

Methyl Cyclohexyl Ketone.—~Methyl cyclohexyl ketone
was prepared by a procedure similar to that described pre-
viously for methyl cyclopentyl ketone (62.3%), b.p. 71—
74.2° (17-18 mm.), n¥*p 1.4482 (b.p. 76.2-77.0° (25 mm.),
n%p 1.4491, prepared from acetic acid and cyclohexanecar-
boxylic acid).?

prepared, m.p.

(7) All melting points are corrected.

(8) J. Cason and H. Rapaport, ‘Laboratory Text in Organic Chem-
isiry,' Prealice-Hall, Inc., New Vork, N. Y., 1950, p. 304.

(9) R. P. Marjella and R. R. Raube, THIS JOURNAL, T4, 518 (1952).

(10) R. L. Shriner and R. C. Fuson, ""The Systematic Identifica-
tion of Organic Compounds,” John Wiley and Sons. lnc., New York,
N. Y., 1048, p. 171.
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The 2,4-dinitrophenylhydrazone!® was prepared, m.p.
140.2-141.8 (m.p. 136.0-136.6°, uncor.).?

When acetyl chloride was substituted for acetic anhydride
in this procedure, the yields were poor.

2,2’-Azo-bis-2-cyclobutylpropionitrile.—This compound
was prepared by previously described procedures.* The
crude hydrazine nitrile was obtained from 10.04 g. (0.102
mole) of methyl cyclobutyl ketone, 7.28 g. (0.056 mole) of
hydrazine sulfate, 5.86 g. (0.12 mole) of sodium cyanide
and 100 ml. of water. The reaction mixture was shaken
for five days and the oil which formed extracted with ether.
The crude hydrazine obtained after drying of the ether solu-
tion and removal of the solvent was dissolved in 150 ml. of
alcohol, 75 ml. of water and 75 ml. of concentrated hydro-
chloric acid was added and the compound oxidized with
bromine as previously described. The reaction mixture
was poured into a large volume of ice-water and the solid
removed by filtration. Decolorization in ether solution
with ‘“‘Norite’’ followed by recrystallization from an ether—
petroleum ether (b.p. 33-35°) mixture at Dry Ice tempera-
tures gave §.1 g. (499 based on cyclobutyl methyl ketone)
of crystals having a wide melting range.

Repeated recrystallization from a mixture of ether and
petroleum ether gave rod-shaped crystals, m.p. 82.3-82.9°
dec. (softens at 82°).

Anall  Caled. for CuHaNs:: C, 68.81;
22.94. Found: C, 68.81; H, 8.00; N, 22.81.

From the mother liquor of the above recrystallization,
4.5 g. of crystals, as needles was obtained which were re-
crystallized from petroleum ether. Besides an additional
amount of the isomer melting at 82.3-82.9°, a second more
soluble isomer was obtained, m.p. 38-42°.

Anal. Caled. for CuHaNge: C, 68.81; H, 8.25; N,
22.94. Found: C, 68.93; H, 8.38; N, 22.80.

Numerous attempts were made to isolate the solid 1,2-di-
substituted hvdrazine nitrile precursors, either as the free
base or as a salt without success. An impure hydrochloride
salt was obtained but was not purified. Good yields of
these pure azo isomers are difficult to obtain because of the
necessary fractional crystallizations.

1,2-Di-(1-cyclopentyl-1-cyano)-ethylhydrazine.—The pre-
viously described procedure was employed. A reaction
mixture of 20 g. (0.178 mole) of methyl cyclopentyl ketone,
9.6 g. (0.195 mole) of sodium cyanide, 12.7 g. (0.098 mole) of
hydrazine sulfate and 200 ml. of water was shaken for six
days. The aqueous layer was removed, extracted with
ether and the ether was combined with the semi-solid oil
which had formed in thereaction. Thelatter did not dissolve
completely in the ether and a crystalline residue remained.
This residue was washed with small portions of fresh ether
and then dissolved in acetone. From the acetone solution,
on cooling, crystals in the form of square plates were ob-
tained. From the mother liquor several additional crops
of crystals were obtained, total yield 5.87 g., m.p. 128.7-
134° (24%). An analytical sample was prepared by re-
crystallization from ether and melted at 133.9-134.9° dec.

Anal. Caled. for CieHgeNy: C, 70.02; H, 9.56; N,
2042, Found: C, 70.09; H, 9.50; X, 20.52.

All the ether wash solutions described previously were
combined, washed with water, decolorized with charcoal
and dried over anhydrous magnesium sulfate. After add-
ing petroleum ether and cooling to Dry Ice temperatures,
7.11 g. (299%) of crystals, m.p. 90-96°, was obtained.
Repeated recrystallizations of this isomer from a wide
variety of solvents failed to effect a narrower range of melt-
ing. From one of many experiments, crystals were oh-
tained after many recrystallizations melting at 89.5-94°.
Although the analysis of this compound demonstrates the
correct empirical formula, it is likely that some high melting
isomer may be present.

Anal. Caled. for CiHuNy: C, 70.02; H, 9.56; N,
20.42. Found: C, 70.09; H, 9.65; N, 20.34.

2,2’-Azo-bis-2-cyclopentylpropionitrile.—A sample of the
high melting hvdrazine fromn methyl cyclopentyl ketone,
0.53 g. (0.00195 mole), m.p. 135.0-136.2° dec., oxidized
as previously described, gave a near quantitative yield of
azo compound, m.p. 98.1-98.7° (softens 97.1°). Recrys-
tallization from an ether—petroleum ether mixture at 0°
gave needles, m.p. 98.2-99.7° dec.

H, 8.25; N,

(11) Analyses by Dr. K. Ritter,
Sclhiwarzkopf, New York, N. Y.

Zurich, Switzerland; Dr. T
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Anal. Caled. for CiHaNg: C, 70.53;
20.57. Found: C, 70.52; H, 8.85; N, 20.29.

The low melting isomer was obtained from the mixture of
stereoisomers. In a separate experiment similar except
for minor details, 45% of solid azo compound was obtained,
m.p. 70-86°. Repeated recrystallization from a mixture of
ether and petroleum ether allowed the removal of the iso-
mer melting ca. 98° since it is more insoluble. The more
soluble isomer was obtained on successive recrystallizations,
m.p. 72.2-74.5° (softens 70.5°).

Anal. Caled. for CyHx:Ng: C, 70.53; H, 8.89; XN,
20.57. Found: C, 70.64; H, 8.74; N, 20.44.

2,2’-Azo-bis-2-cyclohexylpropionitrile.—The procedure
was similar to that described for the preparation of the azo
compound from methyl cyclobutyl ketone. The hydrazine
was not isolated as a solid although numerous attempts
were made. Repeated recrystallization of the solid product
gave 31.7% vield of three solid fractions. The first of these
fractions, m.p. 109-109.5° dec. (softens 108.2°) on repeated
recrystallization from an ether—petroleum ether mixture
gave the same melting point.

Anal. Caled. for CyiHusNy: C, 71.96; H, 9.39; XN,
18.65. Found: C, 71.93; H, 9.50; N, 18.65.

Decomposition Products from Azo Compounds. (1)
Decomposition Product from 2,2’-Azo-bis-2-cyclopentyl-
propionitrile.—The colorless solutions from all kinetic ex-
periments, 1.0992 g. (0.00403 mole) of azo nitrile were cotn-
bined and the solvent removed to a volume of 9.7 ml. under
reduced pressure. On cooling to Dry Ice temperaturcs,
successive crops of crystals were obtained, 0.465 g., m.p.
98-115° (47.29%). Repeated crystallization from ethano
gave a high melting isomer, m.p. 129-131°, most probably
the product arising from the coupling of the two radicals.

Anal., Caled. for CigHauN:: N, 11.47. Found: X,
11.54.

Au oil residue from the initial crystallization of solid was
not identified.

Decomposition Product from 2.2'-Azo-bis-2-cyclohexyl-
propionitrile.—A solution of 2.059 g. (0.0069 mole) of azo
compound and 130 g. of benzene was refluxed for 14 hours.
The solvent was removed under reduced pressure. The resi-
due, a solid, was dissolved in petroleum ether and fraction-
ally recrystallized (7 fractions). The first crop, 942 mg.
(50%), m.p. 122-140°, was sublimed at a bath tempera-
ture of 120-130° at 0.5 mm. Pure product could not be
isolated from the other fractions. The sublimate on re-
crystallization from petroleum cther melted at 121-124°.

Anal. Caled. for CisHysN:: N, 10.28. TFound: N, 10.57.

Oxidation of Hydrazine from Acetone with Acidic So-
dium Permanganate.—To a solution of 40 ml. of glacial
acetic acid and 3 ml. of concentrated sulfuric acid was added
0.980 g. (0.006 mole) of the 1,2-liydrazine nitrile from ace-

H, 8.89; N,
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Decomposition of azouitriles in toluene at 80.57:
. azonitrile front methyl cyclobutyl ketore, m.p. 81.5-82.5°.
azonitrile from methyl cyclopeutyl ketone. m.p. 96.3-
7.6%; 3. azonitrile from methyl cyclohexyl ketone. mp.

Vol. 76

tone [(CHj)y(CN)C-NH-]; and the solution cooled iu ice.
A solution of 2.6 g. of sodium permanganate trihydratc in
50 ml. of water was prepared and 25 ml. of this solution was
added. Manganese dioxide immediately precipitated.
The excess permanganate and the manganese dioxide formed
were reduced with sodium bisulfite and the solution poured
into ice-water. The azo compound which precipitated was
removed by filtration, washed with water and dried in a
vacuum desiccator, 0.608 g. (62%), m.p. 102.1-103.2°
(103-104°).4
B. Kinetic Measurements

I. Procedure.—The procedure for measuring
rates of decomposition has been described previ-
ously.??

II. Results.—The rates of decomposition of the
compounds, R(CH;)(CN)C-N=N-C(CN)(CHj;)-
R where R = cyclo-CiHy, cyclo-CsHy and cyclo-
CsHy; as measured by nitrogen evolution are re-
ported in Table I. Rate constants for both stereo-
isomers of compounds R = cyclo-CyH; and cyclo-
Cs;H, are included. Table I contains average ratc
constants for each compound for decompositions
carried out in toluene at 80.5°. Previous work has
shown that the effect of solvent and concentration
on the rate of decompositions of similar compounds
is negligible.** InFig. [,plotsof lnl"w /(e — )
vs. time are reproduced for a typical decomposition
of one of the stereoisomers of each azo compound.

TABLE 1
DEecomposition oF Azo COMPOUNDS IN TOLUENE AT 50.5%"
(R—C(CH, )} CN)—N
k, No.

Azo nitrile, sec. "t of Conen. Av.

R m.p., °C. X 10t runs range, mole/L dev.
Cyelo-CyH:" 463 334 7
Cyclo-C4Hr 81.5-82.5 1.51 5 0.0157-0.0270 0.01%
Cyelo-CeHs 38-42 1.51 1 .0238
Cyclo-CsHy 96G.3-97 .0 1.30 3 0188-0.0277 000
Cyclo-C:H3 §2.2-74.5 1.31 1 L0256
Cyclo-CsHys 108.6~100 .47 2.27 4 .0106-0.0232 10

aJf R = CHy. £ = 1.60-1.72 sce. 7 X 104, ref. 4. P Re-

ported in reference 3. high melting isomer. ¢ A number of
samples used to determine the average rate constant melted
several degrees higher. ¢ Corrected to 80.2°, one stereoiso-
mer, ref. 3.

ITI. Discussion of Results.—The results demon-
strate that there is no major enhancement in the
rate of decomposition of the three methyl cvclo-
alkyl ketones described here when compared with
the azo conipound derived from acetone. This
lends strong support to the theory that there is no
difference in the steric interaction between the two
halves of the molecule in the trans azo configuration
of these compounds. This point has been discussed
in previous papers. It is again noted that the two
stereoisoteric forms decompose at the saime rate
as has previouslv been reported for other isomier
pairs.? The slight enhancewent of rate for the azo
compound from methyl cyclohexvl ketone might
conceivably be due to slight steric interaction of the
type suggested above and previously discussed. In
an earlier paper, we had suggested that the in-
creased rate of decomposition for the azo nitrile de-
rived frour methyl cvelopropyl ketone wus duc to
trausition state resonance of the type mvolving de-
localization of the carbon—carbou bouds of the cy-
clopropyl ring. The possibility of back strain or
even steric interaction between the two halves of
the molecule (front strain) could, however, not be
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ruled out at that time. The fact that the azo ni-
trile from methyl cyclobutyl ketone did not show
this enhancement of rate strongly supports the sug-
gestion that this is a true case of hyperconjugation
and not back strain—no other simple conclusion
can be drawn from the evidence. The evidence in-
dicates that the formation of radical I is not ac-

companied by stabilization involving delocaliza-
tion of the carbon—carbon bonds of the cyclobutyl
ring. The cyclopropyl case is similar in principle
to the solvolysis of cyclopropylcarbinyl chloride
where it has been demonstrated that extensive sta-
bilization of the cyclopropylcarbinylcarbonium ion
is responsible for the high reactivity of the chlo-
ride. There is undoubtedly a difference of degree
in the radical case and there remains a question
whether electron distributions such as A, B,Cand D
contribute more or less than types indicated by E
and F. It is not possible at present to assess the
relative contribution of a distribution such as C,
and thus whether any increase in the decomposition
rate of the cyclopropyl compound is due to a driving
force of a rearrangement to products resulting from
structure C.
CH,—CH: CH,-
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The distributions depicted by A, B, C and D
represent structures formally similar to those sug-
gested for the symmetrical cyclopropylcarbinyl-
carbonium ion for which considerable evidence
was amassed.!?

Roberts and Mazur!? in discussing the symmetri-
cal cyclopropylcarbinylcarbonium ion point out
that the three extra Sp? orbitals of each of the meth-
ylene groups are positioned so that they do overlap
and can form one stable molecular orbital holding
two electrons and two vacant considerably less
stable orbitals. In the corresponding radical form
there is an excess electron which could necessarily
go into a less stable orbital. Thus, distributions
such as A, B and C may contribute very little since
they are less probable. They reported no intercon-
version to cyclopropyl derivatives when cyclobu-
tane was chlorinated in the light in the vapor phase
to give cyclobutyl chloride.

It is noteworthy that Mariella and Raube® in a
study of the ultraviolet absorption spectra of cyclo-
alkyl methyl ketones have concluded that some in-
teraction of the carbonyl group with the ring may
occur in some excited states with cycloalkyl groups
higher than cyclopropyl.

(12) J. D. Roberts and R. H. Mazur, Tuis JoUrnar, 73, 2509
(1951); 73, 3542 (1951).
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Optical Bleaching Agents. I.

Derivatives of Dichlorodiaminostilbenedisulfonic Acid

By D. W. HEIN AND ELLIOT S. PIERCE
RECEIVED OCTOBER 22, 1953

Two new dye intermediates. 5,5Adichloro- (II11) and 6,6’-dichloro-4.4’-diaminostilbene-2,2'-disulfonic acid (IV) were
prepared, and several new optical bleaching agents were prepared from them, mainly by acylation with substituted benzoyl

chlorides.

The fluorescent properties and ultraviolet absorbency characteristics of the products were compared with those

of the corresponding acyl derivatives of 4.4’-diaminostilbene-2,2’-disulfonic acid.

The use of fluorescent colorless dyes in laundry
soaps to counteract the gray or yellow tinges of
white fabrics and to brighten colored fabrics is well
established.! Previously, it was general practice
to neutralize the yellow tinge of white fabrics by
the use of a blue dye (“bluing’’). Unless a care-
ful balatice was struck between the relative amounts
of blue and yellow colors, there was always a resid-
ual blue or yellow tinge depending upon which was
in excess. Even when a careful balance was struck
between the blue and yellow components, there was

(1) T. F. Cooke, H. E. Millson and E. I Stearns. Soap Senit.
Chemicals, XXVI, No. 3, 37 (1950); ibid., XXVI, No. 4, 48 (1950).

always some graying or dulling since the total
amount of light reflected from the surface of the
cloth was less than when no “bluing” was used.
This was due to the fact that the blue dye absorbed
some of the impinging light.

Optical bleaches are fluorescent colorless dyes
which operate by absorbing ultraviolet light and
re-emitting this energy as blue light. By their use,
the natural yellow tinge of the fabric is neutralized
by resupplying the blue light absorbed by the yel-
low substance. Since the total amount of light
coming from the surface of the fabric is greater
than when the optical bleach is absent, a true



