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intended that all colors shall be covered in the system, but it is intended to in-
clude all the colors usually used in interior and exterior paint colors., Since
colors are matched to dry samples in the 1000-chip file, the problem of having wet
matches dry out lighter than desired is avoided.

An early release states that custom paint mixing offers a service long needed; the
paint dealer will no longer be limited to promoting those colors which the manufac-
turers supply on the basis of past demand, He is now able to offer, in additiom to

_his usual decorating line 1,000 different colors in any finish from his simple in-

ventory of six Nu-Hue colors, gray shade-X and white. Since the most difficult
formula consists of only two Nu-Hue colors, gray and white in simple parts, the
dealer will find it easy to mix accurately any "prescription" to order in less than
15 minutess.

It should be pointed out, however, that it is not intended that this colorant mix-
ture gamut system should take the place of, or be confused with, color-order sys-
tems such as those of lMunsell or Ostwald, which differ in fundamental weys. It is
intended as an arrangement of chips in a paint-gamut system to illustrate, and re-
quire, the use of this particular paint manufacturert!s products. We have seen
paint cards of several manufacturers which have formulas on the back for obtaining
the color on the chip; but this series is the most ambitious and most completely
worked out in systematic order to illustrate what cen be done with so few as eight
paints. The price of the 1000-chip set, 3 x 5 cards in a plastic case, is one hun-
dred dollars, The charts in Plexiglass are available at Two hundred dollars.
Paints to match by prescription, as sold by the gallon, at Sloane's and Marshall
Field's, are higher than usual, but undoubtedly well worth it to those who have
vainly tried to get a particular color match for the walls of a room. (We well re-
member the difficulty and complaint Dr. LeGrand Hardy had a few years ago when he
tried to get a high-value neutral gray for the walls of a clinical laboratoryl)

The publicity on lNu-Hue seems well deserved., House and Garden (April), the New
Yorker (May 11), Retailing (April 25), lodern Plastics (April), Architectural Forum
(April), Home Furnishings Merchandising (lMay), Business Week (April 6), and Inter-
iors (April), have all covered various phases of it. Some have played up the paint
bar, others mixing by numbers and simplifying color matching by use of only eight
paints, The last article we saw - undoubbtedly others have appeared since - carried
the rather intriguing title, "Revolution in the Paint Pot." Our congratulations go
to the Martin Senour Paint Company and to Carl Foss and Fred Rahr who developed the
present idea and put it into practical and saleable form.

FASHION NOTES According to notices received from Mrs. Margaret Hayden Rorke,
AND THE TCCA managing director of the Textile Color Card Association, a

member-body of the ISCC, that Association has continued very
active during the summer, The first of the notices deals with the Confidential
Advance Hosiery Card for Fall 1946 and features three colors called Skydawm, Sun-
lure and Brown Mist., The first of these is described as a "blush~tinted beige,"
the second as a "spirited golden tan," and the third as a "hazy browmish tone."
Skydewn combines harmoniously with the rich "vintage shades" in the sparkling Bur-
gundy, cherry brandy and rosy wine gamme, as well as with various blues, deeper
beiges, cocoa browns and grays, Sunlure goes well with the fall colors, "brown
rum," "nutmeg," and "golden spice," and with fall greens and greenish blues,

.oranges, autumn pastels and black, Brown Mist harmonizes well with fall and winter

costumes in the fashionable neutral range, including the fur brovms. These Ghree
colors are presented in 30-denier nylon,
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The colors featured in the Confidential Advance Edition of the 1947 Spring Woolen
Collection are especially adapted to sportswear and are called: Manila Lime, Cali-
fornia Pink, Cairo Blue, London Red, Australian Gold, Florida Turquoise, Rio Tan-
gerine and Paris l{int, These are lmown as the Happy Landing Colors. The gay lively
colors of this animated travel theme are intended to reflect the high adventure of
Plying to the great cities of the world, Another group are the Play pastels, which
express & smart lighter motif in summery colors for sports and play clothes, This
group includes Limebud, Honeymist, Sunlight Blue, Rose Helio, Pink Blush, Beauty
Turquoise, Summer lMauve and Lemon Blossoms. The basic apricot and coral tone-on-
tones are represented by Apricot Ice, Orange Copper, Coral Davm and Nasturtium Red.
The browns, beiges and "neutral" range include Suntan Brown, Cream Café, City Tan,
White Sand, Pearl Haze and Spring Grey. Bluish sea colors and greens include Surf
Agqua, Blue Wave, Skipper Navy and the lighter blending color Panama Sky; Juniper
Green, Ocean Spray, Jadeflower and Urban Green, Obther colors also rated strong in
fashion interest are Burnished Blond, Ceramic Yellow, Frosted Raspberry, Exotic
Lilac and French Violine.

Two other announced collections are the Men!s and the Women's Shoe and Leather
Colors for Spring 1947, which contain respectively 15 and 13 colors. These were
adopted by joint color cormmittees of the Tammers' Council of America, National Shoe
Mamufacturers Association and the National Shoe Retailers Association in coopera-
tion with the Textile Color Card Association., Iirs. Rorke stated that the men's
colors are to be promoted in three groups. The first group comprises five colors
for street and general wear in smooth or grain leathers. They arc a "classic rich
brovm," "warm golden ten," black and repeated colors, Tawny Tan, Golden Harvest and
Ruddy Wine. The second group includes colors for casual and sports wear in smooth~
finish leathers: a "clear medium beige," & "cocoa tan," a "reddish copper," a
"1ight natural," and the repeated White and Bermuda Tan, The third group is for
the same type of wear bubt in reversed or suede-finish leathors; it includes a
"light cocoa," a "chocolate type of brown,” a "clear navy blue," a "Burgundy shade,'
and a steel gray and white.

The women?!s colors, in two groups, include a new russet type, a new medium brown;
the basic colors Town Brown, Turftan and Amber Brown; black and the repeated colors,
Frappé Cocoa, Admiral Blue and Cherry Red, in one group, and the "saddle tone"
Rancho Tan, in the other; also White, a "sparkling bright red," a brilliant blue, a
vibrant green, and s "natural creamy shade."

FEDEROV'S BOOK Mr. A. E. 0. Munsell reports that he has already had an in-

quiry about this book resulting from our item on page 8 of
the May-July News Letter. He sent us copy of his reply, which was sent to Faber
Birren, well-lmown color engineer and aubhor. We quote the parts which are not
personal, The book is N. T, Federov's "General Color Knowledge," 228 pages, "pub-
lished in Moscow in 1939." "Chaptor headings are: I, The Nature of Light (13=-19);
-II, A Study of Light Sources Used in Colorimetry (20-29); ITI, Applications of the
Spectrophotometric Method (30-67); IV, Color Vision (68-86); V, Color lMixture
(87-118); VI, Three~Color Theory of Vision (117~134); VII, Colorimetric Apparatus
-(135-186).,"

"T am in the process of translating the captions under the 155 figures in the book,
as well as all chapter and section headings, Here and there I am making a full
translation, where the material is of particular interest. TWhen I finish this ab-
breviated translation (I am about half way through) I shall seek to d etermine which
portions of the book refer to subject matter talen from outside this country and
England, and concentrate on these portions.”
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REPRINTS Copies of the following papers have been deposited with the
AVAILARLE Secretary for distribution on request to ISCC delegates and

members, Send a post card request to the ISCC, Box 155,
BenJamln Franklin Station, Washington 4, D. C., listing the reports desired, and a
copy will ‘be sent you as long as the supply lastse.

D. Farnsworth; Review of Dvorine Color Perception Testing and Training Charts.
Science, April 26, 1946, 103, p, 545

HeGW, Harding, Colours of Totel Radiators Expressed on the C,I.E, Trichromatic
System for the Temperature Range 0~1-660 Mireds (Co = 14384,.8); Proceedings of the
Physical Society; 1546, IVIII, p. 1.

L.H., Hardy, G. Rand and M.C, Rittler; Color Vision and Recent Developments in Color
Vision Testing. Proceedings of a Conference on Industrial Ophthalmology held at
Columbia University School of Medicine, College of Physicians and Surgeons, in co-
operation with the Nalional Society for the Prevention of Blindness, Mey 7-11, 1945,

. Do Nickerson; Selected References Relating to the Field of Color Science; Textile
Research Journsal, February, 1546, XVI, pp. 74-83.

We Se Stiles; A Modified Helmholtz Line-Eleﬁont in Brightness-Colour Space;
Proceedings of the Physical Society; 1946, LVIII, pe 4l.

T. Vickerstaff; The Brightness of Present-Day Dyes; Proceedlngs of the Physical
Society; 1945, LVII, p. 15,

A LARGER COLOR- Of interest to all persons who work with color is the re-
HARMONY MANUAL cently announced publication of a Large Chip Edition of the

- Color Harmomy lianual by Color Laboratories Division, Con-
tainer Corporation of America. In this, the individual color chips are one inch
square plus a tab, providing two and a half times more working area than the chips
in the first, 1942 edition., Among the obvious advantages of the larger working
ares, of the chips are the increased speed with which a visual impression of a color
is gained, and the ease with which color matching is accomplished, Also, the
necessarily larger charts (11" x 18 3/4" when open) are more appropriate for teach-
ing and for presenting color schemes before groups of people.

The shape of each chip provides a tab on which is printed the complete Ostwald nota~-
tion for that color, All chips are removable from their positions which are marked
accordingly for easy return. Furthermore, the location of any Ostwald notation is
evident from a glance at the transparent flyleaf which is printed with all letter
notationss The chips in both editions of the Manual are identical in ceclor, Thus,
the colorimetric specifications for the dull sides of all 680 chips which were pub-
lished in the July 1944 .issue of the Journal of the QOptical Society of America
apply equally well to both editions,.

A new feature of the Large Chip Edition is a work chart in which the chips may be
arranged for study im circular or linear series. Also included is a twenty-four
page text which has been revised from the original text where more exact wording
seemed appropriate. It explains the basic Ostwald principles of color order in non-
."technical language, and tells how to use them to obtain harmony in color.

The Color Harmony Manual has enjoyed wide distribution and application in art,



I-5.C.C. NEWS LETTER NO., 66 . 6B : September 1946

industry and technology. The list of purchasers of the first edition is imposinge
It includes 70 well-known names in the advertising, printing and publishing busi=-

ness; 103 artists, architects and designers; 129 industrial orgenizations; 22 mer=-
chandising and mail-order companies;.42. manufacturers of paints and organic coat-

ings; 27 manufacturers of paper and printing ink; 55 educational institutions; and
61 manufacturers of textiles, wallpaper and floor covering.

The National Bureau of Standards in a recent publication stated that ..... "The
Manual is designed, as the name implies, chiefly to promote the knowledge and study
of color harmomy. . Because of the fact, however, that there is a shiny and a dull
side to the chips both of which are easily available for comparison with unknown
colors, the lianual 15 exceptionally well suited to serve also as a set of color
standards for general use, and it has already achieved considerable acceptance for
this purpose." It is expected that the greater convenience and increased accuracy
provided by the larger chips in this new edition will serve to supply e worthy sup=-
plement to the first edition of the lManual, and facilitate its use.

CERTAIN As part of an inquiry into the theories of color in painting and
RECENT color harmony and, more broadly, of esthetics, we have obtained and
BOOKS ON studied the worlks:. of a few additional authors not already in our
ART library. A comparison of three of these with each other and with

still other (mostly older) writers may prove interesting to our
readers, The boolks in question are: N. C. Meiert!s "Art in Human Affairs" (McGraw-
Hill); Roland Roodts "Color in Light and Painting" (Columbia University Press); and
Maitland Graves! "The Art of Color and Design" (McGraw-Hill.)

tanding near these on our shelves were such works as James Ward's "Colour Harmomy
and Contrast"; Churchts "Colour" (A Manual); Feber Birrent!s "Functional Color," and
other books by this puissant writer; Leo Stein's "The ABC of Aesthetics," a good
work of the late twenties; A. C. Barnes! "The Art in Painting"; Clive Bell's "Enjoy-
ing Pictures," and many similar works. One of each of these lists, Graves! and
Barnes! books, have already been reviewed in these pages. We could commend Bellts
book as a bit of entertaining but almost profitless reading, except as one gets
profit from the relaxation of amusement. We were rather amused, as by a clever
high~-school senior airing his erudition, or a small boy showing off his agility at
somersaulting, Stein's book is a scholarly one, Ward's is a good one of the older
conventional type in reference to color harmony, and Church's is an excellent little
manual when considered in the light of its date (1887); while Birren's ideas have
been discussed often in these pages.

Our first glance at each of the three new works proved misleading; but more careful
study changed our appraisals, At first Roodfs work seemed rambling and disjointed,
in gpite of construction around a frameworl: of eleven chapters. But a reading of
the fine introduction by George L. Stout, of the Fogg lMuseum of Art, greatly im-
proved our appreciation of Rood, Stout explained that the book is composed of the
original notes of Rood, painter son of the scientist author of "Modern Chromatics,"
and that it was first edited by his late widow before her death and then by Stout
himself (without too much change). It is of the "late nineteenth century rather
than (of) the post-war twentieth century." Though the treatment is somewhat un-
scientific, it reflects a broad lnowledge of color science, It is a book about the
"experience of vision," the parts of which are "followed out and inbterpreted with
care," The terminology is very personal and sometimes obscure. The first chapter,
outlining a theory of beaubty, in ten propositions, is interrupted by a long list of
the "unities" ( = stimuli) in art not yet systematically arranged., Though,
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"Philosophically, beauty is order," no order can be detected in the list., This is

due to the unfinished state of the work. But one gets the impression that Rood was
a fine observer who did a good deal of thinking; that he is dogmatic, for example,

in stating as absolutes the facts of psychology, but that he is never dull.

He is not content with the three usually stated attributes of color, including
luster with hue and the others. "Brightness or luminosity is something which the
painter splits into two qualities, values and luster." The three-component system
"ignores luster and transparency." In the discussion of saturation, it is said
(page 200), that saturation and purity "do not go hand in hand in the deep shadows.

After giving three definitions of beaubty, they are boiled dovm to the accordance of
the ever-present stimuli in all matter. The first of the ten propositions is
quoted from Schillerts play theory of art. The third seems the most important:
"When the unities are in accord matter is unified and cancelled and there results
beauty." The last proposition clarifies the others and deals with the "tension
strains" of attention and the sense of order, that portion of consciousness which
may strive to comprehend a great law of order within the universe. "Put the uni-
ties in order and the beauty in the object (matter) becomes apparent."”

Our exposition of Rood!'s theory is not too lucid; but we are offering a review, not
an exposition. The author himself makes his meaning clear by means of examples and
practical suggestions., But because of the nature of the book, one has to hunt and
dig for relevant matter. It is fairly scientific pabulum; but it is not predigested.
If one wishes, as we do, to found a theory of art on psycho-physiological bases,
one finds here interesting suggestions. For example, in dealing with strong value
and seturation contrasts, one finds (page 48), "And the vivid seems to be life,.
Absolute evenmess, perfect samencss withoubt interruption is an approach toward
sleep, death; continual change points toward life, and the continual and violent
change toward intense and vivid life., So it is that great and sudden contrasts of
values in neture as well as in painting produce a strong feeling of life; delicate
contrasts, less life,"

The initial impression of Graves! book is very favorable, but a sustained examina-
tion leads to great disappointment., There is much that is good; but considerable
that is not so good. The construction, the format, the illustrations, the multi-
plicity of practical suggestions for harmomy, the glossary, the text-book questions
and answers, are all to the good. Part one deals with the elements of design: line,
direction, shape; proportion, ratio or measure; texture; value and color, Part two
with the principles of design: repetition; harmony; gradation, scale or sequence;
contrast, and unity. Balance is introduced only late in the book (p. 202) in con-
nection with color areas. Rhythm, commonly discussed as an important principle, is
merely defined as "measured, proportioned intervals," though illustrated by ex-
amples., Symmetry (in the Glossary, equivalent to "equilibrium, balance") is merely
"reverse repetition on opposite sides of a center or an axis." A far better state-
ment of all these principles, it seems to us, may be found in the older (1926) "Art
in Every Day Life," by H. and V. Goldstein (llacmillan),

Harmony is made practically synonymous with similarity; it has rarely been used so
narrowly since the time of Chevreul., Such a definition is hardly useful; one could
gimply use the word similarity or similitude., On Graves! definition, the excellent
contrasting scheme, violet color with greenish yellow, is by implication inharmon-
ious. The Goldsteins define harmony as "the art principle which produces an im-
pression of unity through the selection and arrangement of consistent objects and
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ideas." Graves regards discord as extreme contrast (pe. 17); and "contrast is as
essential to design as unity" (p. 31).

Unity is made practically synonymous with the principle of emphasis or dominance
end subordination (see pp. 199 and 242), This is Graves?! all-important principle.
We scored 95% on his art-aptitude test simply by realizing that this was almost his
sole criterion of art worth. "Unity requires that one kind of line and shape, one
direction, one value and one hue be sufficiently emphasized so that it dominates,"
We are warned (pe. 59) that a combinatien of harmonious units does not necessarily
produce unity. Here the author's position is clearly illogical; for if harmomy is
similarity, since there is surely unity in similarity, then (ignoring the Gestalt
effect) harmony must lead to unity, as most other authors believe.

On page 126, two important principles are introduced very casually. The proportion
of a square ".., is so emphatically unified that it would permit of more vigorous
treatment and sharper contrasts of value and color than would" a certain rectangle,
The proportions of the latter "present so much contrast to begin with that a fairly
quiet treatment with more subdued contrasts would generally be indicated.," This
principle the reviewer has called the Rule of Conservation of Contrasts, a rule of
use of constant total contrast when substituting one form of contrast or interval
for another. If we have regard to color only, the principle indicates that if
there is considerable value contrast present, not much hue contrast is necessary,
and vice versa.

Graves! other principle casually introduced is stated: "Ordinarily, the purpose of
the workwould be the major factor in determining the treatment," This is a prin-
ciple of functionalism, On page 195, appropriateness is explicitly stated as one
prerequisite of a good color scheme,

On page 136, another principle, that of "variety of contrasts," is given in fine
print, Here it is stated that the middle position between two extremes should be
avoided if maximum interest is desired. At other points it is stated that interest
is created by variety, especially by variety of value intervals. Major and minor
value "keys" or combination of intervals are defined, with High, Low and Intermedi-
ate varieties of each. On page 132, it is stated that each key has an emotional
character., For example, the Intermediate Major XKey (values 9, 6, 1 or 9, 5, 2,
etc.), is "posteresque, strong, rich, with a somewhat frank and masculine quality."
Value Rhythms and Value Chords are also introduced,

In the last half of the book are given elaborate outline plans for selection of
value and color schemes; for example, there are "D Hue Plans," "W Hue Plans," "D
Value Plans," and "D Chroma Plans." Tables of these relations and their explana-
tion make up a large portion of the book, But the plans all refer apparently to
four colors which give six intervals or contrasts. The implication is that there
‘are no good color schemes containing only two colors or three colors: or at least
if there are, Graves does not help one to find them.

Considered more broadly, one gets the feeling that, although Graves! major princi-
ples are wnity and dominance, his book suffers severely from lack of these very
principles in the development and exposition. One feels that any person kmowing
something about color and painting, if he has a logical mind, could put Graves' ma-
terial and ideas into a form more lucid, more teachable and more practicable. This
could be made obvious in a hundred places in the book by following up the logical
implications of the author's statements, or by contrasting the statement at one
place with that at another.
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When one turns to Meier's book, no sueh defect is apparent. He warns us (p. 66)
~that unity alone cannot "explain.the appeal of .a picture," for a "plcture may . be
perfectly unified and still be uninteresting." : Hence. critics speak of "organic..
unity," "plastic unity," "plastic. form," "significant form," br “expr9331ve form.
‘These terms imply effective use of the unobv;ouo.or subtle, a special kind of
trained esthetic reaction, or of expression or interpretation of deep feeling,
Unlike Graves, lieier regards emphasis or dominance.as only one, and not the most
important, means of effecting unity. He quotes Llewellyn Wiley on the high corre~
lation of pleasantness with "ease of perceiving organization" of the elements of a
composition, and correlation of the latter with rhythn. This "ease of seeing"
related to Rood!s absence of "tension strains" of attention,

Heier évidently believes in the importance of art "principles" (not merely rules
for guiding novices) in the intelligent use of the -elements, though there is no
explicit statement of a general theory of art. The "elements" are similar to
Graves'; the principles include rhythm (with sub-forms., repetition, alternation,
etec. ), sequence, balance (with symmetry and stability as special aspects), order,
unity, fitness or congruity, simplicity, variety, dominance and subordination, etc.
There must be also included in good art consummate skill or perfection in securing
unity through intelligent conception and planning, fitness, and effective,' slillful
and subtle handling, Further, if there is simplicity rather than complexity, and
-no ambiguity, there is maximum effect with minimum effort; and finally, the compo=-
sition may be esthetically poworful and moving if there is also expressive feeling.

By considering the origins of art in the life of primitive man and in the work of
children, Meier portrays the penesig of the perception of order, later of fitness
and harmony, end finally of unlty, the "supreme quality."

In a very interesting chapter (the fourth), the author considers the nature of
"creative expression," Here he concludes that a great artist is marked by six
abilities: (1) manual skill or craftsmanship; (2) at least average degree of energy
output and perseverance ("drive"); (3) at least average general intelligence; (4)
perceptual facility (capable of treining); (5) creative imagination; and (&)
esthetic judgment in recognizing the quality or effectiveness of the principles in
8 composition, .The first three abilities are of hereditary cheracter; the last
three refer pri marlly to learning. . In this chapter the author draws freely upon

. his own experimental researches. :

A chapter on "experimental art," frequently called "modern art" (the isms, etc.)
and one on art in contemporary affairs complete the work, All in all, the only
disappointment that the reviewer feels in. a study of the book is that it is ‘oo
small, He feels that Meier has much more -to give and might be counted on to de-

. velop in detail a sound, straightforward theory of art values having their bases in
human physiology and psychology.

Lot Hs G.'
"COLOR" AND In several articles on this, general subject, especially those in
CHEMICAL News Letters No. 47 (May 1943) end No. 65 (May-dJuly 1946), we
STRUCTURE® . _ have seen that progress has been, on the whole, straﬁghtforward
(CONTINUED)- and logical; that is to say, there have been few cul-de-sacs,

Few ideas on-the relation of color (more strictly, of absorption
spectra) and chemical structure have had to be discarded entirely. We have had
merely to dress the old ideas in more modern garb, touch them up here and there and
enliven them by substituting dynamic concepts for similar static ones.
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For example, the old chromophores’ and auxochromes continue to be of great impor=-
tance to current theory, though our ideas of their character have changed somewhat,
Stieglitz (1923-5) showed their relation to oxidation end reduction, and that the
auxochrome is & donor of electrons, the chromophore an acceptor., (According to the
Bronsted, Lowry and Lewis theories, also all dating back to 1923, in the most gener-
al séense an acid is an acid because it can accept an electron peir to form a co-
ordinate bond; and a base is a base because it can donate an electron pair to form
a coordinate bond. Thus acid~base character and salt-formation are related to
chromophore-auxochrome character indirectly), According to Bury (1935), it is the
intimate association of a chromophore and resonance in the molecule which is re=
sponsible for intense light absorption; and it is the auxochrome that is a strong
determinant of the possibility and extent of resonance. Bub it must be added too
that many chemists are inclined to follow the ideas of Pfeiffer, Dilthey (1920-22)
and Wizinger {1926-33), according to which auxochromes are bathochromic and either
positive or negative "ionogen-acting" in positive or negative ions with coordinated
unsaturated central atoms, respectively; a few others act either way. Others had
ideas concerned with the formation of ions; but see the ideas of Iewis dlscussed
below and previously. i

" Hewitt (1907), Watson (1914), Watson and Meek (1915) and others had stressed the
importance of conjugated chains of alternate double and single bonds; and we now
generally recognize such chains as a path over which resonance may be transmitted.

" Going somewhat off on a tangent were the ideas of Konig (1926), Kendell (1935) and
others, who distinguished between "perichrome" (end) and "mesochrome" (intermediate)
groups, the former often being auxochromes, the latter chromophores or conjugated
chains, The former were considered as modulators of the fundemental absorptions
due to the latter. '

OQur general position on some of these questions today may perhaps be stated briefly
somewhat as follows, with qualificalfions and clarifications to be stated later,
Though it may be profitable to thinlz in some cases, as triphenyl methyl, of single-
atom chromophores, in most cases of strong selective absorption we are dealing with
a conjugated structure of atoms which, because of a characteristic type of resonance
consequent upon a "loosened" electron system, already asbsorbs at relatively long
wave-lengths. (The meaning of "loosening" will be reviewed later.)- Lengthening
“the conjugated chain or introducing an auxochrome moves the selective absorption
into the visible spectrum; there is then often also an increase in intensity of ab-
sorption, "Deep" and intense colors are obtained when the conjugated chain is very
long or when powerful auxochromes influence it, groups such as the amino group and
its derivatives, which are strong electron donors. These also introduce the possi-
bility of greater resonance between "forms" of the molecule which make up a reso-
_nance hybrid. More accurately, these forms.are not thought to have separate exist-
“ence; we have given the descriptions of the hybrid by Heisenberg, Léwis and Wheland,
The hybrid has properties intermediate between these described by the classical
neutral and charged (ionoid) structures, as a mule has characteristics intermediate
between those of a donkey and a horses Such ideas were foreshadowed by the theory
“of ‘intermediate stages (Arndt, 1924-30) and that of mesomerism (Ingold, 1926;
Robinson, 1932). The "forms" responsible for absorption differ from one another
usually not in the classical sense, but only by the positions of shifted electron
 péirs. “In 1939, Pauling, Mulliken and Lewis and Calvin all gave rather similar in-
terpretations of the electronic transitions and resonance responsible for the "fun
damental,” longest-wave absorption band in tThe wvisible spectirum,

According to Ostwald (1894), Basyer (1905), Dilthey (1920) and Wizinger, the

q\‘
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strongest absorbers are ionoid; but Lewis and Calvin (1939) haye given.strong. argu-
ments to show that this idea is not wholly corréct. .The limitations to-the.corree
lation will 'be briefly diseussed shortly.. A very important chromophors remains.the
double~bonded carboxn atomic structure; its effect is greatly multiplied when.pres-~
ent in conjugated chains. This is the chief path over which the important resonance
moves, with electron displacement proceeding from electron-rich auxochrome groups.
to electron~-poor chromophoric acceptors., There is-then present a great tendency -
for electron displacement or transfer; but according to Stieglitz, transfer is only
complete when we have an actual oxidation-reduction reaction, when mere local it
leads only to color. But according to the work of Schwarzenbach (1937) and more
recently of Brooker and his co-workers at Kodak, resonance is most fully developed
when, because of symmetry (existing in the typical dyes), the extreme resonance-
hybrid "forms" which the molecule can assume, are equivalent and of the same energy
content, When this istrue, the color is thought to be "deepest."

According to Lewis et al, increased depth is greatly favored by the presence in the
absorbing molecule of "formal" electrical charges, In this respect Lewis is in a
position intermediate between Schwarzenbach and Dilthey-Wizinger; we shall return
to his position later., Increased depth is also favored by increased density or
rather campactness of atomic groupings, as is the case when atoms in the molecule
form rings. When in rings, or even when the grouping is compact, the bending or
foreing of the bonds away from their normal valence directions tends to introduce
strain; and the greater this strain, the more the electrons are freed from their
constraints, They are then displaced away from the positions described by .the .
classical formulas. ‘The forms so produced may then be not improperly described as
"ionoid." Lewis assumes that any displacement from the clessical positions makes
further displacement easier. 1In the bypical intense dyes, the strain is consider-
-able, and the electrons have such mobility that they may be considered to form a
diffuse cloud. The strain favors the ionoid forms, since they are the ones with
displaced and separated charges; and the absorption of light is itself considered
due to alternations of phase between the ionoid forms. TWe have already cited the
strain theories of Baeyer (1885), Dutt (1926), the Ingolds (1926) and Lewis (1939).

Tihen the energy of light is absorbed, the molecule reaches a state which is
described as of higher energy, and the molscule is said to be excited. But a
peculiar and confusing situation arises here, because of certain conventions about
"positive" and "negative" energy. The energy of a molecule is defined as the nega-
tive of the amount of energy required to dissociate ite. For clarification of the
questions arising from this convention, see Wheland's book "Resonance" (John Wiley
and Sons, 1944), ppe. 8, 10, 34 and 52, '

The normal or ground state of & molecule can often be described by a single struc-
ture with fair accuracy; but the excited states almost always require a considera-
tion of resonance among several structures, these being frequently not describable
' by classical structures., These may be written to show a displacement of positive
and negative charges (formal charges); and we shall describe these as "ionoid."
Usually the structures of the first excited state do not differ greatly among them-
- selves in energy content; it is believed thercfore that resonance among them must
produce much stabilization. The effect of the resonance in a structure containing
conjugation may be to raise the energy of the first excited state by a small amount;
but the net effect of the resonance as a whole must be to make the state more
stable than it would otherwise have been. Also, the stabilization so produced must
be greater here than in the normal states Hence the energy of excitation is lower;
* and according to the quantum theory this means absorption at lowered frequengies or
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longer wave-leﬁgths. Further, since increased conjugation permits of the formation
of a greater number of ionoid, -excited states, it should result in.absorption at
longer wave=lengths, as it actually doese. More broadly, any case of increased mo-
bility of electrons and displacement of charges may lead to absorption at longer
wave~-lengths or greater intensity. But since it is a faet that maeny dyes of deep
color, such as indigo, consist of neutral molecules, it is clear that ionic charge
is not essentlal for dye character,

Lewls and Calv1n in 1939 discussed the restrictions under which the resonance must
operate to obtain the deepest and most intense colors. The considerations we have
been just discussing were largely clarified by their paper, especially by certain
exanples of dyes and by examination of the simple mathemetics 1nvolvad.

Then an electron-is displaced from its most stable position, 1t is assumed that the
force tending to restore equilibrium depends on the square of the electrical charge
divided by the polarizability (a measure of the ease of electron displacement), If
we consider a conjugated chain of atoms made up of "n" unit oscillators, as 'in

formulas like
@__ (HO=CH),, _@
- st ( '\}__ HO=0H=H0 =0H=HI=CH —@

the latter being the special case where n has the value three, (and in the other
cases n is a small integer); and if we suppose the chain placed in an.alternating
electromagnetic field such as light of the proper frequency, the electrons con-
cerned will be displaced the same amount in each unit. Lewis formulated the res-
sults conveniently by considering the whole conjugated system as a single oscilla-
tor and describing it by the same equations as those for & unit (harmonic) oscilla-
tor with the same measure of restoring force but with a mass proportional to the
mmber of units n, If "m" is the effective mass of electrons displaced in each
unit, the total mass of electrons effective in the whole system is the product mn,
Quantum mechanics has developed the relation that the frequency of the light,
which can change the oscillator from its ground state to its first excited state,
is proportional to. the square root of the measure of restoring force, divided by mn.
From this relation it is evident that the frequency of light absorbed by the con-
jugated system, as a result of resonance along the entire conjugated chain or sys-
tem, will be less either as the number n of units or as the mass m of each is in-
creased., Decreased frequency corresponds in electromagnetic theory to increased
wave~length (the "deepening" or bathochromic effect), which explains why the color
is "deepened" by increasing the number or the size of the component conjugated
units or rings such as those of benzene or naphthalene,

As we shall show affer introducing some new facts, the way in which polarizability
enters into the equation just indicated, also explains the varying effects of var-

ious chromophorese.

Before going on to some of the refinements introduced into the resonance theory of
“"color" by Lewis, we need to review the points where Lewis differed from Schwarzen-
bach and Dilthey, Schwarzenbach cited many cases of the effect of symmetry in dye
molecules., Consider among these the tri-phemyl-methane dye which has threec benzere
_rings atbtached to a central carbon atom, Let these rings have atteched to them, at
“~the, respective points opposite the central carbon, an amino group, a positively-
charged emino group (tNHp), and a negatively-charged group ~S0z. Since the first
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two rlngs are identical except for electron distribution (a charge on one), there
should be full development of resonance; and in fact the color is wiolet, which
chemlsts regard as a "deep color,"

The.symmetry may . now be destroyed‘in either of two opposed ways: either by talking
up a proton (charged hydrogen atom), in strongly acid solution; or by losing one,
in strongly alkaline solubion. In either case symmetry is destroyed, for in the

.. former case the groups on the first two rings become*‘NH and‘*NHg, while in the

latter case they become NH, and NH; the bonds of the rlng carbons adjust themselves
accordlngly._ In both cases, the resultlng dyes are yellow, which chemists consider
"paler" than violet.

In the converse case in which we start with a pale (yellow) hue due to a similar
tri-phenyl-methane nucleus, the groups attached to the first two rings being 0H and
0 (uncharged), on changing to strongly acid or to alkaline conditions, we get red
hues, conoldered ""deeper," 1In this case, the resultant groups become, respectively,
OH and “OH in one case and 0" and O in the other. The final conclusion then is
that when we produce structures symmetrical except for different electron distri-
butions, we get more resonance and deeper hues; and conversely, when we destroy the
symmetry, we get less resonance and paler hues; and whether or not-we have a charge
on the molecule is less important than symmetry.

Lewis, though admitting the evidence presented by the hue changes of the acid-base
(indicator) dyes, resorts to explanations differing in part from those due %o
Schwarzenbach, According to Lewis, not all types of resonance contribute to the
absorption of wisible light. The contributing type of resonance is that which re-
sults in the oscillation of a "formal" electrical charge (which we indicate by plus
end minug signs). In the saturated hydrocarbons, the only resonance forms which
contribute to the ultraviolet sbsorption are the minor contributors like HDC'k
~CHz; in benzene, the classical forms of Kekulé do not contribute; only the minor
structures involving charge separation do. The color changes of the acid-base
indicator dyes are explained in terms of the blocking or freeing, by the protons,
of the participation of auxochrome groups in the oscillating system and from the
symuetry of the limiting states.

We have seen that, according to current theory, high resonance energy.is frequently
accompanied by deep and intense colors. Bubt Lewis, as indicated, pointed out that
high resonance energy does not necessarily imply large absorption of light; and the
changes in Total resonance do not necessarily parallel the resonance responsible
for color, According to Lewis, displacement from the classical or ideal structure
leads, as we have said, toward electron mobility and greater ease of further dis-
placement, GStrong color occurs when the resonance forms involve the movement of an
electric charge. Lewis also stated a second restriction which is discussed in the
following paragraphs.

It was the Dilthey-Wizinger idea, as we have said, that the strongest light absorb-
ers are "ionoid." Ostwald had indeed long before (1894) attributed the color of
phenolphthalein salts and other salts to the formation of colored ions; but he was
opposed by Hantzsch, who developed theories of "chromotropy" from cases of "chromo=-
isomerism," cases of molecular rearrangement of colorless to colored salts, Others
developed "gquinhydrone" theories and similar ones for the cases of deep colors
produced when quinones combined with the salts of the phenols produced by partial
reduction of the quinones. Lewis did not agree with Dilthey's idea, though he be-
lieved that increasing Baeyer strain favors the ionic contributors to resonance.



It is true that many substances ("halochromic" compounds) become intensely colored
in the presence of very strong acids, taking up protons (H'*ions) under these con-
ditions. But Lewis pointed out that these substances absorb almost the same wave-
lengths with almost the same intensity when certain uncharged substances, as BClg
“and SnCl,, are added in place of hydrogen ions; and in these cases the resulting
molecules are not ions. Moreover, cases of "reversed halochromy" are Imown in
which addition of Ht ion results in paler colors,

In the following formulas, the ones on the left and the right, derived from the one
of the type shown in the center, picture the -CH-'Ch-....coe=C=CH=sooeves 3
~C-"CH=s+0s0e.s molecules resulting from the addition of Htand BClz, respectively,
"BClg

to the hydrocarbon pictured in the center (where the dots stand for the rest of a
saturated molecule containing ¢ and H only). The left-hand compound is charged (a
positive ion), while the right-hand one is electrically neutral. - But both result
in greater resonance because of the formation of a stronger electron acceptor (the
positively charged carbon atom)., Similar examples are found among azo dyes and
acid-base indicators. : 1

Since the ability to resonate is so important a part of our story, before going on
to the next installment of this series, it seems wise to state briefly the condi=-
tions required for (fullest development of) resonance:

(1) Resonance can occur only between structurcs which correspond to nearly the
_same relative geometric positions of all the atomic nuclei (no Shlftln“ of H or
other atoms, as in tautomerism.)

(2) Resonance cannot occur between structures which have different numbers of
unpaired electrons (parallel spin of north and south poles); each "form" must have
the same number of unpaired electrons, -

(3) Resonance cannot occur between structures which differ too widely in the
position of the electrons,

(4) When conditions 1 to 3 are satisfied, resonance will in general occur; but
an appreciable contribution to the resonance will be made only by those forms hav-
ing about the same stability (i.e. same amount of energy).

(5) With atoms arranged in a ring, only those valence-bond structures for which
the bonds do not cross need be considered as contributing to the resonance; all
others can be represented as resonance combinations of these.

(6) Unperturbed structures in which adjacent atoms have electrical charges of
the same sign are much less important than other structures ("adjacent-charge rule"
of Pauling and Brockway, 1937).

(7) For practical application of the "equal-energy rule" (4), criteria of rela=-
_ tive stabilities of structures must be' set up. The following rules are partly
. empirical, partly theoretical: :

() A structure with more than two electrons on any H or He atom or in which
_ more than 8 valence electrons are on any atom of the first row of the Periodic
Table (Li to Ye) is so unstable that it can be neglected,: (For larger atoms, there
is some tendency to maintain the octet.)
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(b) (i) other things being equal; the most stable form will have the great-
est number of covalent bonds, and (ii) will have a formal negative charge on the
atom of highest electronegativity (0 in preference to N, N before C, etec.). Thus
R-CigP will be more stable than R-C:Q? (rule i) (for energy is required to

i

separate the charges in R—ngS; )3 ana R-C(Oe will be more stable and contribute

more than R-Cfg © to the resonating ion. These two factors may work against one
u".::l‘ ) e
another; for example, in acetone, CHS'Cfgr satisfies rule (i), while CHa-C?:gH
. H '
3 )
satisfies rule (ii)., In fact, the electric bond moments show that acetone is about
537 covalent-bonded and 47% ionoid.

More generally, one can estimate stability by adding up the "bond energies" corre-
apgnding to various types of bonds between atoms, using tabulated energy data.
Dipole moments, resonence erergies, interatomic distances (from X-ray or diffrac-
tien studies), "force-constants" of bonds, bond angles and other physical data are
aisa useful, Frequently, one need merely count the number of bonds. For example,
the classical structure for butadiene, H C=CH-CH=CHp contains 11 bonds, whereas,
the less stable structure with a "formal bond" has only ten.

As we go on to give applications of the general theory in subsequent issues, we
shkall make use of these principles to assist in estimating the magnitude of the
"polar" or "inductive" (P) effects and "tautomeric" or resonance (R) effects, which
may aid each other (both + or both ~), or may oppose each other (=P +R or =P),
and which vary in sign and magnitude as we go from one atomic grouping to another.

Il HI G.



L
‘rn an rauﬂ‘ +!-i o

,@nm‘sﬂ P M e oF fm
‘m‘- u’J.lT-J? "I"n' m -
ﬁfhﬂ Yertlh o GIUIARSS
m& -'-"Jif" ,
T |

st wRelme T
Wp'a IRy &:mrma .-;-.!
T8 sodryoed oo
H w‘}. ‘IL |
‘ By om -}ﬂ- '
}: ﬂrn ap '}wez- 1

- : E
. T e e
= ol A
o e et T -
e T R -
e mamn ST el T b



