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Mrs . Burris-1Ieyer will serve i ndustria l accounts as a Color Consultant. The 
editors ar e sur e that her many friends j oin them in ear nest good wishes for :Mrs. 
Burri s-Meyer ' s success in this neiv· work. 

TEXTILE COLOR 
:MEETING WIDELY 
REPORTED 

i n the Times, the 

The joint meeting on textiles at t he Council's annual meet­
ing in May received wide publicity in the New York press , 
i t ems concerning var ious phases of the r epor ts on the 
Textile Col or Car d Associ ati on ' s standards having appeared 

Tribune , the Women' s Wear Daily and the Daily News Record. 

Since that time several of the papers pr esented at the textile ses sion have been 
SU..lllLlB.r i zed in the 

Textile Colorist and Converter 68, 18- 21 (June 1946) ; 
Amer ican Dyestuff Reporter 35, P333- 4 (July 1, 1946) . 

Margaret Hayden Ror l:e, managing di r ector of the TCCA, plans to have pr epared a book­
l et that will contain sunmJ.B.ries of the r esearches r eported by Reimann, Judd and 
Keegan as we l l as discussions requested on des i gnated topics concerned with this 
r eport . Tihen this booklet is r eady, a copy will be mailed to Council delegates and 
members. 

PRESCRIPTI ON­
MIXED PAINTS 

Woul d you like to wal k into a st ore, select from a series of 
1, 000 chips the color you vntnt , and have a can of it mixed 
for you while you ·wait? This , in brief, is a picture of 

what Sloane's in New Yor:c and Marshall Fiel d ' s in Chicago, with others soon to fo l­
l ow, are doing with the 1-Tu-Hue system developed r ecently by Carl Foss and Fred Rahr, 
both ISCC members, for the Hartin Senour Paint Company. A paint bar with spigots 
set i n soda- fountain fashion has been set up at Sloane ' s and at Marshall Field t s . 
A customer goes in, selects f rom the 1, 000 chips of the :rru-Hue cabinet the col or he 
wants , hands it to the operator of the bar who, from a basi c series of eight paints 
- s i x hues , a white and a gray - matches the color according to the pr oportions 
given on the of the chip selected. These paints are available in three 
finishes: f l at , semi- gloss and gloss . 

Rel eases about this began last spr ing. In May a number of Council members saw 
the charts and 1000- chip cabinets at Fr ed Rahr ' s office , and some wer e able to 
vi s i t the bar at Sloane ' s& The job is a beautiful one, one for which Mr . Rahr , Mr . 
Foss and the Uartin Senour company deserve to be congr atul ated. They select ed a 
seri es of a t housand col ors systematical ly spaced within color limits that can be 
matched vr.i.th a minimum number of paints , and developed paint formulas for matching 
each of these t housand color s. As a r esul t they have produced a paint- gamut system 
which can be i l lustrated thr ee- dimensionally i n terms of a cone . Six hues , red, 
orange, yellow, green, bl ue and purpl e ar e placed at equal di stances on the peri­
phery of the base . The paints of these hues are mixed to fi l l in the hues of the 
outer circl e . They ar e stepped in to.-rards gr ay at the center of the base . White 
i s at the top of the cone . Color- chips are made in steps to illustr ate ten chart 
l evels such as are illustrated on the folder Mr. Rahr was kind enough to supply us 
for distri buti on with this number of the News Letter . At the periphery of the 
bottom chart there ar e 54 hues . On this l eve l there are nine rings around a gr ay 
center. Each r ing, a s it approaches the center, i s decreased by six. Each chart 
above this bottom l evel has a stated amount of admixed white paint , this amount in­
creasing as the l evel s increase tmvard white . Each succeeding higher- l evel chart 
has one l ess ring, decreasing systematicall y from nine r ings at t he bottom l evel to 
zero rings at white . The 1, 000 color- chips in the system illustrate the extent to 
iihich paint mixtures of s ix hues, white and gr ay, can be developed. It i s not 
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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 eA~erior paint colors. Since 
colors ar e 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 deal er wil l no longer be limited to promoting those Color s VnliCh the IDAnufac­
turers supply on the basis of past demand . He i s now able to offer, in addition to 
his usual decorating line 1,000 different col ors in any finish from his simpl e in-

. ventory of six Nu- Hue colors , gray shade- X and white. Since the mo.st difficult 
formul a consists of only two Nu- Hue col ors , gr ay and ·white in simpl e parts, the 
dealer will find J.t easy to mix accurately any "prescription" to order in less than 
15 minutes . 

It shoul d be pointed out , ho\~ver, that it is not intended that this colorant mix­
ture gamut system should take the place of, or be confused vri.t h , color- order sys­
tems such as those of 1iunsell or Ostwald, which differ in fundamental ways . It i s 
intended as an arrangement of chips in a paint-gamut system to illustrate, and r e­
quire, the use of this particula r paint manufacturer's products . fie 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 can be done •nth so few as eight 
paints . The price of the 1000- chip set , 3 x 5 car ds in a plastic case, is one hun­
dred dollars . The charts in Plexigl ass are availabl e a t hro hundred dollar s . 
Paints to match by prescription, as sol d by the gal l on, at Sloane 's and Marshall 
Fiel d ' s , are higher than usual, but undoubtedl y vrell worth it to those who have 
vainly tried to get a particular color match for the v1al l s of a room. (We wel l re­
member the difficulty and complaint Dr. LeGrand Hardy had a few years ago when he 
tried to get a high- va lue neutra l gr ay for t he walls of a clinica l l aboratoryJ) 

The publicity on ITu- Hue seems well deserved. House and Garden (April) , the Nevr 
Yorker (liay ll), Retailing (April 25), Uodern Plastics (April) , Architectural Forum 
(April) , Horne Furnishings r.ierchandising (May) , Business Week (April 6), and Inter­
iors (April), have all covered various phas es of it. Some have p layed up the paint 
bar, other s mixing by numbers and simplifying color matching by use of only eight 
paints . The l a st article vre s aw - undoubtedly others have appeared since - carried 
the r ather intriguing title , "Revolution in the Paint Pot." Our congr atulations go 
to the Ma r tin Senour Pai nt Company and to Carl Foss and Fr ed Rahr who deve loped the 
present i dea and put it i nto pr actical and saleable form. 

FASHION NOTES 
AND THE TCCA 

According to notices received from Mrs . Margaret Hayden Rorke, 
managing director of the Textile Color Card Association, a 
member- body of the ISCC , that Association has continued very 

active during the su.>m:ner . The first of the noti ces deals with the Confidential 
Advance Hosiery Card for Fall 1946 and features three colors called Slcy"davm, S1ln­
lure and Brown l.!ist . ':'he first of these is described as a "blush-tinted beige, " 
the second as a "spirited golden tan, 11 and the third as a "hazy brovmish tone ." 
Skydawn combines har moniously with t he rich "vintage shades" in the sparkling Bur­
gundy, cherry br andy and rosy vrine gamme , as well as vrith various blues , deeper 
beiges , cocoa br owns and grays . Sunlure goes well with the fall colors, "brovm 
rum," "nutmeg, 11 and "golden spice, 11 and with fall greens and gr eenish blues, 
.or anges , autumn pastels and black. Brown Mi st harmonizes 'Nell with fall and winter 
costumes in the fashionab l e neutral range , including the fur brovms. These ·chree 
colors a r e presented in 30- denier nylon . 
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The c ol ors feat ured in the Confi denti a l Advance Edition of the 1947 Spring Woo l e n 
Collection are especially adapted to sportswear and a r e called: Manila Lime , Cali­
fornia Pi~~. Cairo Blue, London Red, Austr ali an Gol d , Florida Turquoise , Rio Tan­
geri ne and Par i s Mint . These are lcnoYm as the Happy Landing Color s . The gay live)¥ 
colors of this animated travel theme ar e i ntended to reflect the h i gh adventure of 
flying to the great cities of the world . Another gr oup a r e the Play pastels , which 
express a smar t lighter motif i n s tumnery col ors for sports and pl ay c l ot hes . Thi s 
gr oup includes Limebud, Honeymi st, Sunlicht Bl ue , Rose Helio, P i nk Blush, Beauty 
Tur quo i se , Summer Mauve and Lemon BloGsom. The bas ic apr icot and coral tone- on­
tones a r e r epr esented by Apricot I ce, Orange Copper, Coral Davm and Nasturti um Red . 
The br owns , bei ges and " neutr a l" r ange inc l ude Suntan Bro\vn, Cr eam Cafe, City Tan, 
Tihite Sand, Pearl Haze and Spr ing Gr ey . Bl uish sea colors and greens include Surf 
Aqua, Blue Viave , Skipper Navy and the lighter b l ending color Panama Sky; Juniper 
Gr een, Ocean Spray, Jadeflovier and Ur ban Gr een. Other colors a l so r ated str ong in 
fashion i nterest are Burnished Bl ond, Cer ami c Yellow, Frosted Raspberry, Exotic 
Li l ac and Fr ench Viol ine . 

Tv10 other announced collections ar e the :Men1 s and the ;-fomen' s Shoe and Leather 
Color s for Spring 1947, which corrtain r espectively 15 and 13 colors . These were 
adopted by joint color committees of the Tanners ' Council of Amer i ca, National Shoe 
Manufactur ers Assoc i ati on and the National Shoe lletail ers Association in coopera­
tion wi:th the TeA.-tile Color Card Association. I\lrs . Ror ke stated that the men ' s 
c ol or s ar e to be pr omoted in thr ee gr oups . The first gr oup c~mprises five colors 
for stl·eet and general ·wear in smooth or gr ain leathers . They a rc a 11 classic rich 
bro\·m, 11 11Yre.rm golden t e.n, n black and repeated colors, Tavmy Tan, Golden Harvest w..d 
Ruddy Hine . The second group includes colors for casual and sports vrear in smooth­
finish leathers : a "clear nedium beige ," a "cocoa tan, " a 11 r eddish copper," a 
11 light natural, 11 and the repeated r!hi te and Bermuda Tano 'l:he third group is for 
the sa.T!le type of wear but in reversed or suede- finish leathers; it includes a 
"li ght cocoa. , " a "chocolate type of b r ovm, " a 11 clear navy blue, " a 11 Burgundy shade," 
and a s t ee l gr ay and white . 

The women ' s color s , in t·wo groups , include o. new russet type , a nevr medium b r own; 
the bas i c colors To1m Brmm, Turftan and Amber Brovm; black and the repeated colors, 
Frappe Cocoa, Admiral Bl ue and Cherry Red, in one group, and the "saddle tone 11 

Rancho Tan, i n the other; a l so VVhite , a "spar kl ing bright red, 11 a brilliant blue, a 
v ibr ant green, and a 11 natural crearey shade . " 

FEDEROV t S BOOK Mr ., A. E. o. Munsell repor·ts that he has already had an in-
qu ir-y about this book resulting f r om our item on page 8 of 

the :May- July Ne17s Letter, He sent us copy of his reply, which was sent to Faber 
Birren, well - 1movm color engineer and author . Vfe quote t he parts which are not 
per sonal. The book is N. T. Federo_y ' s "General Color Knowl edge, 11 228 pages, "pub­
lished i n l.Ioscow in 1939~" "Chapter headings are : I , The Natur e of' Light ( 13.- 19) ; 
·II, A s tudy of Light Sources Used in Colorimetry (20- 29) ; III, Applications of the 
Spectr ophotometric liethod (30- 67); IV, Color Vision (68- 86 ); V, Color Uixture 
(87.- 118) ; VI , Three-Color Theory of Vision (117-134) ; VII , Golorimetri c Apparatus 

. ( 135-186) • II 

"I 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 maY...ing a full 
t r anslati on, where the material i s of parti cul ar interest. When I finish this ab-

. breviated translation (I am about half v•ay through) I shall seek to determine nhich 
por tions of the book r efer to sub j ect matter taken f r om outside this country and 
England, and concentrate on these portions . 11 



I -S.D.C. NEWS LETTER NO. 66 5. SepteP"tber 1946 

REPRIN'rs 
AVAILABLE 

Copies of the follovnng papers have been deposited \rith the 
Secretary for distributi on on request to ISCC delegates and 
members. Send a post card request to the ISCC, Box 155, 

Benjamin Franklin Stati on, Washington 4, D. c., listing the r epor ts desired, and a 
copy wil l be sent you as long as the supply lasts . 

D. Farnsworth; Revi ew of Dvorine Color Percepti on Testing and Training Charts . 
Sci ence, Apri l 26 , 1946 , 103 , p. 545 

H. G.IT. Harding; Col ours of Total Radiators EA~ressed on the C. I . E. Trichromatic 
SJrstem for the Temperature Range 0-1-660 Mir eds (c 2 = 14384. 8) ; Pr oceedings of the 
Physical Soci ety ; 1946, LVIII, p. 1. 

L. FI. Hardy, G. Rand and :M. C. Rittler; Col or Vi sion and Recent Devel opJ!lents in Col or 
Vision Testing. Proceedings of a Conference on Industrial Ophthalmology hel d at 
Columbia University School of Medicine, College of Phys icians and· Surgeons , in co­
operation vrith the National Society for the Pr evention of Blindness, Uay 7-11, 1945. 

D. Nicker son; Sel ected Rei'erences Relating to the Fi eld of Color Science ; Textile 
Research Journal, Febr uary, 1946, XVI , pp . 74- 83 . 

Vf. S. Stiles; A l!odi f ied Helmholtz Line-El ement in Brightness-Colour Space ; 
-Proceedingo of the Physical Society; 1946, LVIII , p. 41. 

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

A LARGER COLOR ­
HARMONY MANUAL 

Of interest to all per sons vrho wor k with color i s the r·e­
cently announced publication of a Le.rge Chip Edition of the 
Color Har mony !ranual by Col or Laboratories Division, Con­

tainer Corpor ation of Amer ica. In this , the individual color chips are one inch 
square plus a tab, provi ding tvro and a half times more working area than the chips 
in the first , 1942 edition. Among the obvious advantages of the larger working 
area of the chips are the increased speed yrith 1'-lhich a visual i mpression of a color 
is ga·ined, and t he ease with which color matching is accomplished. Also , the 
necessarily larger charts (11" x ].8 3/4" when open) are more appr opr iate for teach­
ing and for pr esenting color scheme3 before e roups of peop le. 

The shape of each chip provides a ·cab on which is printed the complete Ostwald nota­
tion for that color . All chips are r emovable from their positions which ar e marked 
accor dingly for easy return. Furthermor e, the l ocation of arry Ostv:ald notation is 
.evident from a glance at the transparent f l y l eaf which is printed with all letter 
notations . The chi ps i n both editi ons of the Hanual are identi cal in color . Thus , 
the colorimetric specificatiol!s for the dull s i des of all 680 chips which wer e pub­
lished in the July 1944 issue of the Journal of the Optical Society of America 
apply equally well to both editions. 

A new feature of t..h.e Lar be Chip Edi tion is a nork char t in which the chips may be 
arr anged for study in circular or l inear series. Also included is a tvren~y-four 
page teA-t which has been r evised from the or iginal text where more exact wording 
seemed appropriate. It expl ains tho basic Ostwal d pr inciples of color order in non-

·. ·technical language ,. and tells hovr to use them to obtain harmony in color . 

The Color Harmony !:.-!anual has enjoyed vride distribution and o.pplic.ation in art, 
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industry ana technology. The list of purchasers of the first edition is imposing. 
It includes 70 vrell- lmown names in the advertising, printing and publishing busi­
ness; 103 artists, a rchitects and designers ; 129 industria l organizations; 22 mer­
chandising and mail- order companies; .42. manufacturers of paints and organic coat­
ings ; 27 manufacturers of paper and printing i~c; 55 educational institutions; and 
61 manufacturers of textiles , vmllpaper and f l oor covering . 

The National Bureau of Standards in a recent publication stated that •.••• "The 
},ianual is designed, as the nrune i mplies , chiefly to promote the knowledge and study 
of color har mony • . Because of the fact , however , that there is a shiny and a dull 
side to the chip·s both of ·which ar c. easily available for comparison with unknm-m 
col ors, the Uanual J.S exceptionally well suited to serve also as a set of color 
standar ds for general use , and it has a lready achieved cons i der able acceptance for 
this purpose ." It is expected that the greater conveni ence and i:::1creased accuracy 
provided by the lar ger chips in this new edition will serve to supp_ly a worthy sup­
p l ement to the first edition of the Manual , and facilitate its use. 

CERTAIN 
RECENT 
BOOKS ON 
ART 

As part of an inquiry into the theories of c ol or in paint i ng and 
color harmony and, more broadly, of esthetics , vre have obt ained and 
studi ed the i70r~-::s . of a fe\r addi tional authors not a l ready in our 
library. A comparison of three of these with each other and with 
still other (mostl y older) >vriters may prove interesting to our 

readers. The books in quest ion are : N. C. Me i e r's "Art in Human Affairs" (HcGravr­
Hill) ; Roland Rood 1 s "Color in Li ght and Painting" (Columbia Unive r s ity Press) ; and 
Mait l .and Graves 1 "The Art of Color and Design" (llcGraw-Hill.) 

Standing near these on our shelves were such works as James Warcl 1 s "Colour Harmony 
and Contrast"; Church ' s "Col our" (A Manual); Faber Birren 1 s "Functional Color," and 
other books by this puissant writer ; Leo Stein' s "The ABC of Aesthetics, " a good 
wor k of the late tw·enti es ; A. c. Barnes ' "The Art in Painting"; Clive Bell's "En joy­
ing Pictures ," and many similar wor ks . One of each of these lists, Graves ' and 
Barnes r books , have a lready been r eviened in these pages . Vie cou ld co:mmend Bell t s 
book as a bit of en·certa i ning but almost pr ofitless r eading, except as one get s 
pr ofit f r om the r e l axation of amusement . We were rather amused, as by a clever 
high- school senior airing his eruditi on, or a snall boy shovfir>.g off his agility at 
somersaulting. Stein ' s book is a scholarly one, War d ' s is a good one of the older 
conventional type in reference to color harmony, a nd Church 1 s is an excellent litt le 
manual vrhen considered in the light of its date ( 1887); while Birren 1 s ideas have 
been discussed often in these pages . 

Our first glance at each of the three new works prov ed mis l eading; but more ca reful 
study changed our appraisal . At fil·st Rood 1 s work seemed rambling and d i sjointed, 
i n spite of construction around a framework of eleven chapters . But a. r.eading of 
the fine intr oduction by George L. Stout, of the Fogg Museum of Art, great l y 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 h.is late v.ridorr before her death and then by Stout 
himself (-rrithout too much change). It is of the "late nineteenth century r ather 
than (of) the post-war twentieth century. 11 Though t he treatment is s omevrhat un­
scientific, i t r efl ects a broad knowl edge of color science . It is a book about the 
"experience of vision, 11 the parts of 1•ihich a r e "followed out and inter preted with 
care." The terminology is very personal and sometimes obscure . The first chapter, 
outlining a theory of beauty, in ten propositions , is interrupted by a long list of 
the "unities" ( = stimuli) in a rt not y et 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 wor k . But one gets the impression that Rood was 
a fine observer ~ho did a good deal of thiru(ing ; that he is dogmatic , for example, 
in stati~~ as absolutes the facts of psychology, but that he is never dull . 

He is not content with the three usually stated attri butes of col or , incl uding 
luster with hue and the other s . "Bri ghtness or luminos ity is something vrhich the 
painter splits into ti'To qualities , values and luster." The three- component system 
"ignores l uster and transpar ency. " In the discussion of satur ati on, it i s said 
(page 200) , that saturation and purity "do not go hand in hand in the deep shadows . 

After giving thr ee definitions of beaU"bJ, they are boiled dovm to the accor dance of 
the ever - present stimuli in all matter. The first of the te~ pr opositions is 
quoted from Schiller ' s pl ay t heory of art . The thir d seems the most important : 
11Tihen the unities are i n accord matter is unified and cancelled and there r esults 
beauty. 11 The l ast pr oposition clarifies the others and deal s ''lith the 11 t ension 
strains" of attention and the s ense of order, that porti on of consciousness vrhich 
may strive to compr ehend a gr eat l aw of or der within the univer se . "Put the uni­
ties in or der and the beauty i n the object (matt er ) becomes appar ent. " 

Our exposi tion of Rood ' s t heory is not too luci d; but vre ar e offering a revievr, not 
an· e:xposition. The author hilll3el f makes his neaning clear by means of exampl es and 
pr acti cal suggestions . But because of the nature of the book, one bas to hunt anc 
dig for r e le11ant matter . It i s fair ly scientific pabul um; but it is not pr edi gested. 
If one wishes , as we do , to found a. theory of art on psycho- physiol ogi ca l bases , 
one f i nds here inter esting suggestions . For example , in dealing vrith strong value 
and saJcurat i on contrasts , one finds (page 48) , "And the vivid seems to be life . 
Absolute evenness , perfect sameness ,·rithout interrupti on is an appr oach toward 
s l eep, death; continual change points to·...,ard life , o.nd the continual and violent 
change tonard intense and vivi d life . So it is that great and sudden contrasts of 
values in nature as Yrell as in painting pr oduce a strong fee l ing of life ; delicate 
contr asts , less life . " 

The initia l i mpress i on of Gr aves t book is very favor able, but a sustained examina­
tion leads to gr eat disappointment . Ther e is much that is good ; but consider able 
that is not so good. The construction, the format, the illustrations , the multi­
plicity of practi cal suggestions for harmony, the glossary, the text- book quest i ons 
and answers , ar e a ll to the good . Part one deal s nith the elements of des i gn: line, 
direction, shape ; pr opor tion, r atio or measure ; texture ; va l ue and color . Part tvro 
with the principles of des i gn: r epetition; harmony; gr adation, scale or sequence ; 
contr ast, and unity. Bal ance is introduced only late in the book (p. 202) in con­
nection wit h color areas . Rhythm, commonly discussed as an important pr inciple , is 
merely defined as "measured, pr opor tioned intervals ," though illustrated by ex­
amples . Synnnetry ( i n t he Glossary, equival ent to "equilibrium, balance") is mer ely 
"rever se repetition on opposite sides of a center or an axis ." A far better state­
ment of all t hese principl es , it seems to us , may be found i n the ol der (1926) "Art 
in Ever"J Day Li fe ," by H. and V. Gol dstein (Uacmillan) . 

Harmo~ is made practically synonymous 1rith similari"bJ; it has r ar el y been used so 
narr owl y since the time of Chovreul. Such a definition is har dly useful; one coul d 
simply use the word simi l arity or simili tude . On Gr aves ' definition, the excel lent 
contrast i ng scheme, violet color with gr eenish yellov1, is by implicati on i~.harmon­
ious. The Goldsteins define harmony as 11the art principle v1hich pr oduce::; an im­
pr ession of unity through the sel ecti on and 'arrangement of consistent objects and 
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i deas . 11 Gr aves r egards discord as extr eme contrast (p . 17) ; and "cont rast i s as 
essentia l t o design as unity" (p. 31) . 

Unity is made pr act i eally synonymous Trith the pr incipl e of emphasis or dominance 
and subor dination (see pp . 199 and 242) . This i s Graves ' all- i mportant pr incipl e . 
We scored 95% on his ar t - aptitude t est si mply by r ealizing that this was a l most his 
sole cr i t erion of art vror t h . "Unity r equires that one ki nd of line and shape ~ one 
di r ection, one va l ue and one hue be sufficiently emphasized so that i t dominates ." 
We ar e ·war ned (p . 59) that a combi nat icm of harmonious. uni ts does not necessarily 
produce uni ty. Her e t he author ' s position is cl early i llogi cal ; f or if harmony is 
s i mi l arity, since ther e i s sur ely unity in simil arity, then ( i gnoring the Gestal t 
effect) harmony must l ead to unity, as most ot her author s believe . 

On page 126, two impor tant principles ar e intr oduced very casually . The pr opor tion 
of a squar e " ••• i s so emphatically unifi ed that it Trould permit of mor e vigorous 
t r eatment and sharper contr asts of val ue and col or than ·would" a cer tain r ectangl e . 
The propor t i ons of t he l atter "pr esent so much cont r ast to begi n with that a fairly 
qui et t r eatment vrith mor e subdued contr asts vrould gener ally be i ndi cated. " This 
pr inci pl e the reviewer has called the Rul e of Conservati on of Contr asts , a r ul e of 
use of constant total contr ast when substituting one form of contr ast or interval 
for another. If we have r egar d to col or only , the pr inciple indicates that if 
ther e i s cons i der ab l e value contr ast pr eserrc , not much hue contrast i s necessary, 
and vice ver sa. 

Graves ' other pr incipl e casually intr oduced is stated: 11 0rdinarily, the purpose of 
the wor k would be the major factor in determining the treatment. 11 This is a pri n­
ciple of functio~~lism. On page 195, appr opr iateness is explicitly stated as one 
prerequi s i te of a good col or scheme . 

On page 136., another principl e, that of 11 vari~ty of contrasts , 11 is given in fine 
pr int . Her e it is stated that the middl e position between t\vo extr emes should be 
avoided i f maximum int erest is desiredo At other points it is stated that inter est 
i s cr eated by variety, especially by var iety of value interva'Is .. Hajor and minor 
value 11 keys 11 or combi nation of intervals are defined, with High, Low and Inter medi ­
ate varieti es of each. On page 132, it i s stated that each key has an emotional 
char acter. For exampl e , t he Intermedi ate Hajor Key (val ues 9, 6 , 1 or 9, 5, 2, 
etc . ) , i s 11posteresque, strong, rich, wi th a somewhat fran.~ and masculi ne quality. 11 

Val ue Rhyt~ms and Val ue Chor ds are a l so intr oduced. 

I n the l ast half of the book ar e gi ven el abor ate outline pl ans for sel ecti on of 
val ue and color schemes ; for example , there ar e 11D Hue Pl ans , 11 "W Hue Pl ans , 11 11D 
Val ue Pl ans ," and 11D Chroma Pl ans . " Tables of these r el ations and their explana­
t i on make up a large por ·cion of the book. But the plans all r efer apparently to 
four col or s which give s i x i ntervals or contrasts . The implication is that ther e 

.are-no good color schemes containing only tvro col or s or three colors ; or at least 
if there ar e , Gr aves does not hel p one to find them. 

Consider ed more broadl y, one gets the feeling that , although Graves ' major princi­
pl es are unity u.nd domina..11ce , his book suffers sever ely f r om l ack of these very 
princi ples in the devel opment and exposi tion. One fee l s that any person lmow:i.ng 
something abo~t col or and painti ng, i f he has a logi cal mind, could put Graves ' ma­
terial and ideas into a form more lucid, more teachable and more practicabl e . This 
could be made obvious in a hundred places in the book by follovrine; up the logical 
impl ications of the author ' s statements , or by contrasting t he statement at one 
place uith that at another . 
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vVhen one turns to Me i er' s book, no such defect i s apparent. He ·'ua rns ':tS (.p . 66.) 
--that unity a l one cannot 11 eJ\.1' lain . the appeal of .a picture, 11 for a 11 picttire may be 
perfectl y unified and stil).. be un.i .ntere!)ting. 11 Hence critics spea!c of . 11 organic .. 
unity,'' 11p l astic unity, 11 11 p lastic form, " "significant form," .o r "expres sive. form." 
These te~~ imply effective U§e of t he unobvious or subtle, a special kind of 
trained esthetic r eaction, or of expression 9r 1nterpreta tion of deep feeiing. 
Unlike Gr aves , }Jeier regar ds ernphasis _or dominance a.s only one, and :pot the inost · 
important, means of effecting unity. He quotes Llewellyn Wiley on the high corre­
l ation of pleasantn.ess with "ease of perceiving orgo.nizat i .on11 qf''the elements of a 
comp.osition, and correlation of the latter with r hythm. This "ease of seei ng" is 
r e l ated to Rood ' s absence of "tension strains" of attention. 

llei e r evident l y believes in the importance of art "principles" (not merely r ul es 
i'or guiding novices) in the intelligent use of the elements , though there i s no 
explicit statement of a gener a l theory of art. The 11 elements" are simila r t o 
Graves '; t he princip les i nc lude rhythm ('with sub- forms, r epetition, a l ter nation, 
etc . ) , sequence , balanee (ivith synunetry and stability as spec i a l aspects) , or der, 
w1ity , fitness or congr uity, simplicity, variety, dominance ~~d subordination, etc . 
There must be a l so i nc l uded in good art consununate skill or perfection in s ecur i ng 
unity through intelligent conception and pl8.nni ng , fitness , and effective, • sldllful 
and subtle handling . Further, if there is simplici ty r athe r than compl exity, and 
no ambig;ui ty, there is maximum effect ni th ::ilinimum effort; and finally, the compo­
sition may be esthetically pm·10rful and moving if there is a l so expressive feeling . 

By cons'idering the origins of a r t in tlfe life of primiti ve man and .in the i'ior k of 
children, Ueier portrays the cenes is of the perception of order , l ater of f i tness 
and har mony, and f i nally of uni ty, the 11 supreme quality. 11 

In a very interesting chapter (the fourth), the author consider s the nature of 
"creative expr ession. 11 Here he concludes that a gr eat artist is marl::ed by s i x 
abilities : ( l) manual skill or_craftsmanship; (2) at least aver age degr ee of energy 
output and per severance ( 11 drive") ; _( 3) at least average gene r al intelligence; ( 4) 
perceptual facility (capabl e of tre.ining) ; (5) creative imagination; and (6) 
esthetic judbment in recognizing the _quality or effecti veness of t he principles i n 
a composition • . The first thr ee abilities ar e of heredi tary character ; the last 
three Tefer pr imarily to lea r ning . In this chapter the author draws · f'ree l y upon 
his ovm ·experimental resear ches . 

A chapter on "experi mental a rt, 11 f r.equently cal led "modern art" (the isms·,_ etc . ) 
and one on art i n contemporary affairs comn l ete the rror k . All in a ll , the· only 
disappointment that tho r .eviewer. feels i n ;_ study of the book is that it is too 
small. He fee-ls that He i e r has much mor e -to give and might be cov.n.ted on to de­
velop in detail a sound, straight-fonrard theory of art val ues having· t heir b_ases in 
huin.a.n physiology and psychology. 

"COLOR" AND 
CHEMICAL 
STRUCTURE 
(CONTINUED) 

I . H. G.· 

In sever a l a r ticles on this . gener.al subject, especially t hose in 
News Letters No . 47 (May 1943) and No . 65 (May- July 1946) , we 
have s een that progr ecs has been, on the whole , straightforward 
and logi cal; that i s to say, ther e have been few cul-de ...: sacs , 
Fe·w ideas on t he r e l ation of color (more· s-trictly, of absorption 

spectra) and chemical structure have had to be discarded entirely. 17e have had 
mer e ly to dress the old ideas in mor e modern gurb, touch them up here and there and 
enliven them by substituting dynamic co]lcepts for siw~.lar 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 i deas of thei r char acter have changed somewhat . 
Sti eglitz (1923- 5) showed their r~lati~n to oxidation and reducti on; and that the 
auxochrome is a donor of electrons , the chromophore an acceptor. (According to the 
Bronsted~ Lowr y· and Lewis theories , also all dati ng back to 1923 , in the most gener­
a l sense an acid is an acid because 'i t can ac'cept an e l ectron pa·ir to form a co­
ordinate bo'nd; and a base is a base because it can donat·e an· el ectron pair t o form 
a coordinate b'ond. Thus acid-base character and sal t - formation are related to 
chromophore- auxochrome character i ndir ectly). Accor ding to Bury (1935) , it is the 
i ntimate association of a c'hromophor e end r esonance in the mol ecule which is re­
sponsible for intense light absor pti on; and it is the auxochrome that is a strong. 
determinant of the possibility and extent of r esonance . But it must be added too 
that many chemists a re inclined to fo llow the ideas of Pfeiffer ~ Dilthey (1920- 22) 
and Wizinger { 1926- 33 )·; according to which ai.Dcochromes are bat hochromi c and e i ther 
pos itive or negative "ionogen-acting" ·in positive · or negative i ons ·with coordinated 
unsaturated centra l atoms , r espectively; a few other s act either way . Others had 
ideas concerned vdth the for mation of ions; but see t he ideas of LeTns discussed 
below and pr evi ous ly . 

Hewitt (1907) , ·watson ('1914) , Watson _and Meek (1915) and others had stressed the 
importance of conjugated chains of alternate d-ouble and single bonds ; and we now 
general ly .r ecognize such chains a~ a path over which resonance may bs transmitted. 
Going somewhat off on a tangent were the ideas of Konig ( 1926 ) , Kendall ( 1935) and 
others , who distinguished between "perichrome" (end) and "mesochrome" ( intermediate) 
gr oups , the former often being auxoclrromes, the l atter chr omophores or conjugat ed 
chains . The former were considered as modulators of the fundamental absorpt i ons 
due to the l atter. · 

our general position on some of these questions today may perhaps be stated briefly 
somewhat as follovrs , i'dth qualifications and clarif ications to be stated l ater. 
Though it may be pr ofi table to thiru~ in some cases , as t riphenyl methyl, of single• 
atom chromophores , in most cases of strong select ive absorption we are dealing with 
a conjugated structure of atoms which, because of a char acteristic type of r esonance 
consequent ·upon a "loosened" electron system, already absorbs at r elativel y l ong 
wave-lengths . (The meaning of "loosening" will be reviewed later . ) · -Lengthening 
the conjugated chai n or introduc i ng an auxochrome moves the sel ecti ve absorption 
i nto the visibl e spectrum; ther e is then often also an i ncrease in intensity of ab­
sorption. 11Deep 11 and intense col ors are obta i ned when the conjugated chain is very 
l ong or ·when powerful auxochr omes i nf luence it, groups such as the ami no group and 
its derivatives , vmi ch are strong electron donors . These a l so intr oduce the possi­
bility of greater r esonance between "forms 11 of the molecule which make up a reso-

. nance hybr id. Mor e accurately , these forms .are not thought to have separate exist ­
ence; we have gi ven t he descript i ons of t he hybri d by Heisenberg, Lewis and vVheland. 
The hybrid has properties irrcermediate between th~se described by the classical 
neutral and char ged ( i onoid) structures , as a mul e has character istics intermedi ate 
bet·ween tl;wse of a donkey and a horse . Such ideas v;ere foreshadowed by the theory 
of ·intermediate stages (Arndt , 1924- 30) and that of mesomeri sm (Ingold, 1926 ; .. 
Robi nson, 1932) . The 11 f orms 11 responsible for absorption di ffer f rom one another 
usually not in the class i cal sense, but only by the pos itions of shifted el ectr on 
pairs: "In 1939, ·Pauling , Mulliken and Levfis and Cal vin all gave rather si.milar i n­
ter pretat i ons of· the e l ectr onic t r.ansitions and r esonance r esponsible for the 11fun­
~ament~l, 11 lo~gest-wave absorption band in the visible spectr u1no 

According t6. Ostwaid· (1894), Baeyer (1905) ; Dilthey (1920) and Wizinger, the 
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strongest absorbers a re ionoid; but Lewi s and Calvin ( 1939) have given. strong. a._~g'!l­
ments to show that this idea is not wholly con>ect . . The lim:i,.tations. to. the. , corre .. 
l ation will" be br ie-fly di s cussed shortly... A very i mpor tant chromophor~ rema~ns . t~e 
doubl e -bonded carbon atomic structure; its effect is greatly mult i p lied Yrhen pres­
ent in conjugated chains. This is the chief pat}1 over which the i;11portant re.:?onance 
moves, with electr on displacement pr oce eding from electr on- rich auxochrome g;r_oups .. 
to electron- poor chromophoric acceptors . There is then pr e sent a great tendency ·. 
for electron di sp l acement or transfer; but accor ding to Stieglitz , t r ansfer is only 
complete nhen we hav e an a ctual oxidation- reduction r eaction, when m.~re l ocal ·it 
l eads only to color . But according to the v10r k of Schwarzenbach (1937) and mor e 
r ecently of Brooker and his co-vrorkers at Kodak, resonance is most fully developed 
when, because of symmetry (existing in the typical dyes) , the extr eme r esonance­
hybrid "forms 11 which the molecule can assume , are equivalent and of the same energy 
content. \tThen this is .. true, the color is thought to be 11 deepest·." 

Acc·ording to Lewis et a l , increased depth is greatly favored by the pr esence in the 
absorbing mol ecul e of 11 forrnal 11 e l e ctrical charges . In this respect LeYlis i s in a 
position i nt ermedi ate betvreen Schvro.r zenbach a nd Di lthey-Wizinger ; vre shall return 
to his pos ition later . Increased depth is also favored by i ncreased density or 
r ather c anpactness of atomic gr oupings , as is the case when atoms in the molecul e 
form rings . 1Then in r ing9, or even when the grouping is compact , the bending; or 
for cing of the bonds away f rom their normal val ence dir ections tends t o i ntroduce 
stra i n ; and the greater t his strain, the more the electrons are freed f r om. their 
constra int's . They a r e then displaced away from the positions described by .-:the . 
classical formule.s . ·The forms so produced may then be not improperly described as 
"ionoid . u Levris assumes that any displ acement ·from the cla ss ical positions makes 
furthe r displacement easier . In the t~ical intense dyes , the str ain is consider -

. able, and the electrons have such mobil i ty that they may be cons i dered to form a 
diffuse cloud. The strain favors the ionoid forms , since they are the ones with 
displaced a nd separated cha rges; and t he absorption of light is i tself considered 
due to alter nations of phase b et1·;een the ionoid forms . We have alrea dy cited the 
strain theories of Baeyer ( 1885) , Dutt (1926) , the Ingolds (1926) and Levlis ~1939) .• 

'fllhen the ener gy of 'light i s ab sorbed, the _m_olecul e reaches a state i'ihich is 
described as of higher ener gy , a nd t he mol ecule is said to be excitedo But a 
peculiar and confusing situation arises here , because of certain conventions about 
"positive11 and "negative"· energy. The ener gy of a molecule is defined as the nega­
tive of Jche amount of' energy r equired to dissociate it. For · clarification of the 
questions ari sing f rom this convention, s ee \'Ihe l and r s book "Resonanc.e" (John ~'{iley 
and Sons , 1944) , pp. 8 , 10, 34 and 52. · 

The normal or Ground state of a molecule can often be de scribed by a single struc­
ture nith fair accuracy; but the excited states almost alvray s require a consider a ­
tion of r esonance among several structures, these · bei~g f requently not describabl e 

· by classi cal structures . These may be wr.itt en to show a displacement of positive 
and negative cha r ges (formal charges); and we shall describe these as "ionoid." 
Usually the structur es of t he fir s t excited state do not differ greatly among them-

. selves in energy content; it is believed therefore that resonance among them must 
produce much stabilization. The effect of- t he resonance in a st;ructure conta ining 
conjugation may be to r a i se the energy of t he first excited statp by a s mall amount; 
but the 'net effect of t he r esonance as a - -..·;hole must be to make the stat e mor e 
stable than it ...-rould othervlise have been . . Also , the stabilization so p-roduced must 
be gr eater her e than in the normal state. Hence the ener gy of excitation is lower; 

· and accor di ng to the quantum theory this means absor ption at l owered frequono i es or 
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l onger wave-lengths. Further, since increased conjugation permits of the formation 
of a gr eater number of ionoid, ·exc:i.ted states, it s liould result in absorption at 
l onger wave~~engths, as it· actually does . Mbre broadly, any case of increased mo­
bility of e l ectrons and displacement of charges .may lead to absor ption at longer 
wave-lengthS or· greater intens'ity. But since it is a fa0t that many dyes of deep 
color, such as indigo, consist of neutral molecules, it is clear that ionic .. charge 
is not essential for dye character. 

Lewis and Calvin ·in 1939 discussed the restrictions under which the resonance must 
operate to obtain the deepest ahd most intense col ors. The consider ations we have 
been just discussing were largely clari fied by their paper, especially by certain 
e~mples of dyes and by examination of the simple mathematics involved. 

When an electron· is displaced from i ts most stable position, it is assume~ that the 
force tending to r estor e equilibrium depends on the square of the electrical charge 
divided by the polarizability (a measure of the ease of electr on displacement). If 
we consider a conjugated chain of atoms made up of "n" unit oscillators, as 'in 
formulas like 

(HC=CH)n . -o 
and C:>- HC:::CH=HC=CH=~C=CH -o 
the l atter being the special case where n has t he 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 -rrhole conjugated system as a single oscilla­
tor and describing it by the same equations as those for a unit (harmonic) oscilla­
tor vri~h the same measur e of restoring force but uith a mass proportional to the 
number of units n. If 11m" is the effective mass of electrons d-isplaced in each 
unit, the total mass of e lectrons effective in the whole system is the product mn. 
Quantum mechanics has developed t he r e l ation ·!;hat the frequency of the light , 
ivhich can change the oscil l ator from its ground state to its first excited state, 
is pr oportional to the square root of the mea~ure of restoring force , divided by mn. 
From this relation it i s evident that the frequency of light absorbed by the con­
jugated system, as a r esult of re~onarice along the entire conjugated chain or sys­
t em, will be less either a~ the number · n of units or as the mass m of each is in­
creased. Decreased fre~tency corresponds ~n electromagnetic theory to increased 
wave-length (the "deepening" or bathochronic effect) , which explains why the color 
i s 11deepened11 by incr easing the nu.mber or t.'he size of the component conjugated 
units or rings such as those of benzene or naphthalene. 

As we shall show after introducing some new facts, t he way in which polarizability 
enters into the equation just indicated,· a lso explains the varying effects of var­
iou~ chromopho~es . 

Before going on to some of the refinements ·introduced into the r esonance theory of 
11 color11 by Lewis, we need tor eview the points where Levris differed from Schv,arzen­
bach and Dilthey. Schvmrzenbach cited many cases of the effect of symmetry in dye 
molecul es. Consider among these the tri -phenyl-methane dye which has three benz ere 
rings attached to a centr al carbon atom.· Let these r ings have attached to them, at 

,. ·'the._ r espective points opposite the central carbon, an amino group , a positively­
char ged a.niino group ( t-NH2), and a negatively-charged gr oup -so3 • Since the first 

.. 
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t1'lo rings. ar~ i dentical ' except for electron distribution (a char ge on one)~ there 
should be full development of res onn.nce ; and in fact the color is violet , which 
chemists regard a.s a "deep c olor . " 

The symme~ry may now be destr oyed·· in either of t1·ro opposed ways : · either by taldng 
up a proton (charged hydrogen at_om) , in strongly acid so l ution; or by losing one, 
in strongly alkaline solution. In either cas e symmetry is destr oyed, for i n the 
J::ormer case the gr oups on the first two r ings become+ NH3 and+ NH2, while in the 
la~te~ ca se ~hey become NH2 and till ; the bonds of the ring carbons adjust themse l ves 
accordingly. In both cases , the resulting dyes a re yellov;, which chemists consider 
"paler" than vio l et . 

In the converse case in vrhich v1e start vrith a pale (yellow) hue due to a simil a r 
tri- phenyl - methane nucleus, the gr oups at tached to the fi r st two r ings being OH and 
0 (tincharged) , on _changing to strongly acid or to a l b1line c onditions , vre get red 
hues , considered "deeper . " In this ca s e , t he resul tant groups become, r espectivel y, 
OR a nd +-oR i n one case and o - and 0 in the other . The final conclusion then is 
that when vre produce structures sym.metrical except for different electron ¢1.istri­
butions1 we get more r esonance and deeper hues ; a nd conver sely, when we destroy the 
syrometry, we get less r esonance and paler hues ; a nd whether or not-we have a char ge 
on t he molecule is l ess i mportant than sy~metry . 

-
Levris , though admi tting the evidence presented by the hue changes of the acid- base 
(indicator) dyes , r esorts to e;cplanations differing in par t from those due to 
Schwarzenbach. According to Levris , not all types of r esonance contribute to the 
absorption of visible light . The c ontributing type of res onance is that uhich re­
sults in the oscillation of a " formal" e lectrical charge (Yrhich Yre i ndicate by plus 
and minus. signs) . I n the saturated hydrocarbons , the only r esonance forms which 
contribute to the ultravio l et absorption are the minor contr ibutors like H3C + 
- CH3; i n benzene , the classical f or ms of Kekule do not contr ibute ; only the minor 
structures involving qhar ge separation do . The col or changes of the acid- base 
i ndicator dyes are explained i n terms of the blocldng or freeing , by the protons , 
of the par ticipation of auxochrome gr oups in the oscillating system and from the 
symmetry of the limit ing states . 

We have seen that , according to current theory , high r esonance e ner gy . is frequently 
accompanied by deep and intense colors. But Lewis , as indicated, pointed out t hat 
high resonance ener gy does not-necess arily i mply l ar ge abso r pti on of light; and the 
changes in total r esonance do not necessarily parallel the resonance respons ible 
for co l or . Accor ding to Lewis , displ acement from the cle.ssical or ideal structure 
leads , as we have said, toward electron mob ility and gr eater ease of further dis ­
placement . Str ong color occurs Yrhen the resonance forms involve t he movement of an 
e l e.ctric charge . Lewis a lso stated a second r estriction which is discussed in the 
follovring par agr aphs." 

It was the Dilthey- Vfizinger idea, as we have said, that the strongest light absorb ­
ers are 11 i onoid . " Ostvrald had indeed long before ( 1894) attributed the color of 
phenol phthal ein· salts and other salts to t he fo rmation of colored i on.s ; but he YTas 
opposed by Hantzsch, w·ho developed theories of "chromotropy" from cases of " chromo­
isomeri sm, " cases of mo l ecula r r earrangement of colorless to c olored salts . others 
deve l oped "quinhydr one" theories and simil ar ones for the cases of deep colors 
pr oduced ·when quinones combined .-ri th the salts of the phenol s pr oduced by par tial 
reduction of the quinones . Le.-ris did not agree ·rri th Dil they Is i dea, though he be­
lieved that increasing Baeyer strain favor s tho i onic contributors to r esonance. 
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It is . t r ue that many substances ( '' halochr·omic 11 compounds) become intensely co-lored 
i n the presence of very str ong acids, taki ng· up protons (H+ions) under these con­
ditions . But LeYiis poi nted out that these substances absorb almost the same wave­
l engths with almost the same intensity vrhen certain uncharged substances , as BC13 
and sne14, are added in place of hydrogen i ons ; and .in these cases the r esulting 
mol ecules ar e not ions. Moreover , cases of 11 rever sed halochro:nw11 are lmovm in 
which add~tion of I:I + ion results in paler colors • . 

Ilf ·the follm·nng formul as , the ones on the left and t he r ight, der ived f r om the one 
of the type shovm in the center, picture the -CH- ... Ch- ••.• • • ~ -C-=CH- • • •• .•.• • -4 
-c-+cH- •• • . ••• molecules resulting from the addition of H+and BC l 3, respectively, 
- BCl3 
to the hydr ocar bon pi ctured in the center (where the dots stand for the r est of a 
sa~urated molecule containing C and H only) . The l eft- hand compound is charged (a 
positive iori) , rrhile -:t;ne right- hand one is electr ically neutr al. But b·oth r esult 
i n gr eater r esonance because of the formation of a stron~r electron acceptor (the 
positivel y char ged car bon atom) . · Similar exrumpl es ar e found among azo dyes and 
acid-base indicator s . · 

Since the ability to r esonate is so important a part of our story, before going on 
to the neJ...'t installment of this ser ies , it seems wise to state briefly the condi­
tions required for (ful l est deve l opment of) r esonance : 

( 1) Resonance can occur only between str uctures which correspond to nearly the 
. same relative geometric positions of all the atomic nuc l ei (no shifting of H or 
other atoms, as in tautomerism. ) 

(2) Resonance cannot occur between structures which have diff~rent numbers of 
unpaired electrons (parallel spin of nor th and south poles) ; each " form11 must have 
the same number of unpair ed elect r ons . 

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

(4) When co~ditions 1 to 3 are satisfied, resonance vlill in general occur; but 
an appreciable contribution to the resonance vlill be made only by those forms hav­
ing about the saine .s~abi li ty ( i. e . sa.-ne amount of ener gy) . 

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

(6) Unper turbed str uctures in which adjacent atoms have electrical char ges of 
the s ame sign are much less important the.n other structures ·( 11 adjacent- charge r ule" 
of' Pauling and Broqkr.ray, 1937) . 

(7) For practic~l application of the "equal- ener gy rule 11 (4), crneria of rela­
t i ve stabilities of structures must be· set up . The following rules are partly 
empir~cal, partly theor etical: 

(a) A structure viith more than two el ect.rons 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 
Tabl e (Li to Ne) is so unstable that it can be neglected . . (For larger atoms , there 
is some tendency to maintain the oct et ; ) 
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(b) ( i ) Ot her things being equal ; the mos-G stabl e f orm will have t he gr eat ­
est number of coval ent bonds , ann (ii) will have a f or mal negati ve char ge on the 
atom of highest e lec-tr onegativity (0 in prefer ence toN, N befor e C, etc. ) . Thus 

R- C""0 will be more s table t han R- C-"0 0 ( r ul e i ) (for ener gy i s r equir ed to 
' OH 'OH dl 

separate the char ges in R-c~·0 9 ) ; and n-c.:_:oe vrill be mor e stabl e and contribute 
'OH E9 CRz 

more t han R-C~0 e to the r esrmatinr:-
0
· i on. Thes e two factor s may work against one 

'CR.., 
'• 

anot her; for exampl e , i n acetone , CH~ -c~0 
a 'cH 

3 
sat i sfi es r ule (ii) . In fact , the electric 
53% coval ent - bonded and 47% i onoid. 

sati sfies r u l e (i) , while CH~-c~ o-
v 'CH 

3 
bond monents shovr t hat acetone is about 

Mnre gene r a lly , one can estimo.te stability by adding up t he " bond energi es" corre­
op.~,nding to va r ious type s of bonds bet ween a·coms , using tabu l ated ener gy data. 
Dtpol e moments , resorw.nce ener gi es , interatomic di stances (from X- r ay or di ffrac­
t itm studies ) , "fo r ce- constants" of bonds , bond angJ.es and other physical dat a a r e 
al.~:;, useful . Fr equent l y , one need mcr elJr count the number of bonds . For example , 
t hg classical str uctur e for butadiene , HzC= CH- CH=CEz contains ll bonds , whereas , 
t he l ess stable str uctur e witi1 a "formal bond" has only ten. 

As .-.re go on to g ive applicat i ons of the gener o.l t heory i n subs equent issues , ne 
sh.o.ll mal~e use of these pr inciples to assist in est imating t he magnit ude of the 
"pol ar" or "inductive" (P) effects and "tautomeric" or resonn.nce (R) effects , nhich 
may aid each other (both + or both - ) , or may oppose each other ( - P + R or - P) , 
and i7hich vary in sign and magnitude as vre go from one ator.lic gr ouping to another . 

I. H. G. 




