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Infrared Spectroscopy at High Pressures: Polarized 
Spectra of Single Crystals of Acetonitrile 

R, J. Jakobsen and Y. Mikawa 

l::illl:lr f'I'.\·~ lal ,; or Ihl'f'( ~ p"lymOlrpb." "f a ('('loll il rill' :,1:01 'IO'rl"lIitri lC'-,l:, havc bt·t·1I j!l'I)1\'1I 11:,· : ,·1' I""'" .!',. ii ' 
n uialnlJlIII allvil (·ell. \\'!oil!' "IiI! IInclc r IJI'('~:' lIrl' p ,l:tril.l?d mid-infrared :'1'('<:11':1 (.oi !,·--t· lil:·,·,· -::. j •. 
cryslab have IH '\'n ol,lnilll'd . In a cldition, lOll\' \!:l:ll"'r"rllrc jar-infrared ,p("'na h:1\'(' I,,,,·! . :',. ·· ,I·lt·.i f .. r 
J1olyt'ry:' lal,; of I\\'o of Ihe p"l.nll"rp"- . Tlw -e (bra b :1H' hl'\' n lI,rd II) p1'rriic-1 likel\' "!:'_'"I . ' : :, .. .. :.,. ­
for I be t hre( ~ cr.\·slallillo pba:'t·". 

Introduction 

0110 of II,,· a<i\':tlil:I:,!;('" or 1 Il( ~ c'()llllIl,'rei:tlly :t\'ailaIJl e 
di:lIl1ollti -wilt<io\\' IIi ~ 11 PI'(',.": IIJ'( · (:ell i:-; t IIc ~ ease alld 
Hpecd of /!:l'CJwill/!: si ll/!:I(' ('1'.\'"lak V . .; illg; prr,;S Ill'( ~ to 
grow sllGh :<ill/!:I(' c'I'.\'"ta}"; nwall "; t 1!:lt t Il c salllp Jc ~ tall be 
lII()uitol'cd Illld(' r a Illic'I'o"('IlP(' fill' po"silJlp plla . .; (, 
challl!;C.-; , aud ir spc:('1 ra ('all II!' ohlailH'd at :Illy poillt ill 
the pl'l~o.;" llriz:!1 iOI! proc:(·.-.". Ikc':lIl"l' flf t 11( '''l' ach':lll­
tng;p,.; we nrl! JlOW c·ltg;a:,!;(·cl ill a ('olilillllill!-!: "tlldy of th(~ 

polariz( ~d ir spc·(:lra of sill~o;Ic~ cry"t a},.; of or:,!;allie lllulp­
cllh~,;. i\(:ctollit ril e i,; OIl( ' "lI(:h IllOh'CIII(, :llld W;l "; 

st'iecftocl hl'c:au,, ( ~ WI) \\':llltl 'd to d('lc'l'Illill!! if lhe stroll)!; 
dipole ill !I('('(ollitril(' al1'l'el('d ori(,lilatioll ill th(' (,l'y"t:t1 
sl rIlct lin'. 

,Bad;ground 

Vapor and liqllid ":p('('t r:l of ac('tollit rile a lld accto­
nit.rile-rla haYc het'll l'('pOI'ted I,~ ' se\'( 'ral :lIltlllll·,.;.I -s 
AS:l rC'slilt of t.h('"c ill\,(,,,ti/!::ttioll", all of tlte flllld;lIIH' II­
tal:> of <tcclollilril(' It an' 11('( '1l ,,;If i"fac(orily a""i~IH·d 
with the ('x('pplioll of 8,, ('11 3 , thc ella (k~l'Il(,I'at(' dp­
forlllat iolt. Tl\'o:;\ ,smpl iOIt b:llld ,.; \\'('1'(' oIJsl'I'\'('t! be­
twcen 1-10() ('Ill " I allt! 1;,00 em -- I alJd tIl e \':I rio\l" 
author,; " J du Ilot agl'l'p:l" 10 II'lti<'l1 1,:11\11 \\'a" 8,,( 'II:; alld 
which W:I,; !L ('olltltill;ltioll 1,:llId. .\Iillig;all :lIld .J ;tcoX 1' 

ohtnill\!d the :<o1id "tall' ,,;p('('1 rllm (101\' tC'lllpel'allin -) of 

Till' alll""r" al'(' wilh Ih,' 11:011,· 11, · :\I"I""ri,,1 1":< lillll,·, (,,,1""1-
bll" Lalo"raillri,' ';, C .. IIIII ' ''".-, O"i" ·I:::!O I . 

!:",."j""t! '21 '\I\~II:< I . 1~lIi'l . 

both acctollinilp all(i ;lcetollitl'ilt--d:1 in III'IlI.' "i chrii,\'­
ing thi" poinT. I1 uWf'HI', th('~' ('olldl\llt: tbt coI I !"I ; n~ 
thl'ol1).!:h Fcrmi n'-()Il;IIICC mak(',.; it illl(lll --it.;,· til :!.in· ;, 
deii llil c a-.,i!!.llllH'l1t for 8"Clh III addi l i,, 11 tlll.'.\' C":I ­

clud ed th:1t tIle ir nl\lltiplrl f; tI'U('tllrC (,r CII ·,C':\' ,lit.! 
CD.,eX ill th (> -olid pha,;e iltdicat('(1 tbl tli . 1111',1" "111.:­
hnd to Cl'~· ." t ;t llil (' ill the Ol'tltllrllOlnl ,i ('. t. ·l r:\~., ! I"1. ( ,1' 

t ri g;1l II a I :' ~ ':-I ('Ill:'. 

Pace ;Inc! ;\'.1(, 10 a l"o "tudicd the ;..(,Ii" :-btl· 1,,,1 .\'­
el'y"tal ;;pc-ctra lIow temperature) (II :ll·,:l('!l itri l,· ;t:l t! 
acctollilrilc-"~ . ThC'~' cOlldlH.led that ;t(.,. I)I ,i; riil' ( · \i~t­
in l\\'o (0: and . .3) polyrnnrphic for Ill". TiJl'~ ' "I ,t:,illl'd 
powder x-r:\ ~ ' data 011 Olle form at li'jllid uiln · ~~.l' 1 1 
temperaturc',.: aw l irlllll tlii" th('~' COIlr:lIl.!, ·,j Il lat tIl l' n 

form of :!('('tollini\(' if; a primitin· urllHll'h" 111ie n.\·- \:l1 
with cight molecule;. per unit cell. CIIIIJ,J, ·,j \I'it li tI ,,· 
ob;;elTcd ir multiplet "tructurp twhiel l di(,'l'rv'\ ir,, 111 
thnt ob~('J'\'('d 1)\' :\filliga ll and .J:lCO:.;:9., 1111'\' r"II\'IlI.j1' 
thai the 0: iurm 'of :lcct;lfIitrilt'hati pitltl'I' :, i).,' "I' /) . ... 
space group. 

Experimental 

The tl'chniqllc for gro\\'ill~ :1 "illl-!,Il' nY:-I:tl ill ti lt· 
di :1 1ll0IHI-\\'illd,,\\' hi)!11 pn'""urc cdl ha- l'l'l'll ,It--cril,, ·,j 
pn,\,io\l-I.\·ll :t1,,1 \\'ill (JIll.\' ltc' hl'i('fI~' 11 1,"01 i"lll·. 1 I ",I'l·. 
Liquid :l('vtfl"itrile i:, "<'all'c! ill tltc' pn',-Im' c-,.] I I'l'II\·l ... ll 
a IlH' lal ~a-kl ' l alld I It l' diallHlTld am'il- . 1'1'\ '--111\' i- ill­
en';\"l·d I'll llil' "alllple 1I111il "olidilic':lli"" I,, ;, \,,, Iy,·)'.\· " 
t:ll uccur:,. Th(' pr('",.l lrc i,.; tlil'lI c!c 'l'rl·:,-\·01 \Il liil " ,'' \' 
(lilt' "ced cr:·~t : tll'I · lll:till- :It \\'lti(·1t Plliltl 11 :(· l'n --111'l' i­
~lol\'l~' illerl':l-I '" lIlltil 1 Ill' "illl.!'!( ' ('r.\',. t:II i- :·::ll.\· :!:',,\\ I: . 
:\eetollitrjj,. j- 11111' 111'1 Ill' ilion' clilli(·tIlt -il l:!!" IT .... -· :.1 - '" 
~nJ\\'. IHII ('\'1'11 -II th(· (,lllin' prll('(':':' IIl d: I,."k :,1.. ,111 

1 hr. \\ 'l' :tl'l' Illit ("HI( ' (' I'II1 '" ill tlti" \\'lIrk lIiill II,,· ('\:,l'1 
pn·.""I1I'('" iIIY(" \·(·' !. 1,111 I\'C' (':lfl (·.-tililal,· d l'1l ti ll' -ill;!I,' 
cl'.\·,.:tal i- I'll 11.\' :Ci'l,I\'1I al :!O :H) "liar. .\ - II .. · 1'1" '--1 11'< ' j-
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Fit;.1. Infrared ;;pe~tra of :;in~le cry~t:ll~ of ~, a, filld "I form;; of 
CII,C:\. :\0 polarization, 

10 20 70 80 90 

Fig. 2. Prc~~lIre \"~ fre<llIellcy, CH.CN. 

incl'ea"ed un thi:i :::ampll', :1 ,.ill~le cl'y:::tal-:-;illgle crystal 
ph:I":c trallsform:l t iOIl t :Ikc', pl:tce ne:l!' :30 k har, This 
plo:l~e challge e:IIlIIO\ be llIi<t:lkl'n \\"hell yiewed undcr u 
Illil'ru,,:copl'. The ;.:pcrtr:"! vf till' t\\"l) pha,,!.' . .;; (Fi~. 1) 
arc quite "imii:tl'. hut ! hC' exi,,! ('ncc of dilrercllt poly­
murph" \\":1" ('\'(,11 mort' dL·filli!L' I.\· l',.t:lbli"hl'd when it 
\\":l~ dellloll:,lt':lt('d (to 1,(· di-rll-,.I,d 1:ltl'r) that Wl' could 
c)l,taill :"lll'rtra of t\l'o ('I":,·,.t:11 1":IC'l'" I)f l':ICh polYlllorph. 

;:;ill:.dp ny"t:t1" of t Itt! ! hiI'd pnl.\·IlI'1rph :Irt' produccd 
h:' illel't':t"illg: t I If' pn'--ttrl' Oil t ht' :,illgll' ny,,1 al of I he 
,.I'('lIllei PolYlllllrph. :\l':lr till.' 1·"tn·llle llppC'r limit 
( ..... sU kh:lt') of lOur prl'--lIrL' r:olll!l' , ,.Iri:ltillll" :IppI'ar ill 
till' cr.\·"I:t1. Thi" ,.Ii;.!'!11 pll.\·-ie:t! challge i:i "illlil:tt' 10 
tII:11 IIb"I'ITL'd for tltl' tl':II I·ili'lil til till.' Itigll pn':':'ltrt~ 
plta"l' of IWIlZI·IIl·. "fhi- hl ' IIZl'III' 1 r:tll,.il iOIl It:t:i IH'I'1l 
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d('fillill'I.\· 1· . ..;lnhli,;\lI'd hy ,,-ra.\· d : tI:t.'~ Fill' :1('('llIIlit !'ilt, 
tltl' pn'''I.·lIl'l· of a tltil'd l'I'y"t:dlill(, plta:il' 1':111 IJI' I'slalt­
Ii"lu·d h.\· II,e d !':t:il it! :ipITI I':d I'!I:I JI~I':i (l"i~. I) alld lly 1 Ite 
cltall).!;I' ill :<llIpc of tltt: pn·""III'l! v,; fl"l'I(II(,II(':" ClllTe 
(ri/!:. 2) al IIII' pha"l! I 1':III"il illil poillt. ,\t:l III\\" PI'L'."'­
:<111'1', plta"f' 1 (13 fortll) I'h:III)!;I''; 10 plta:ie:.? (0: fOI'IlI) \\"hil'h 
is "t:t1)lc uVCI' :t L'oll"idl'l':d,It, pl'(,""lIn~ I':III)!;C. II i,; (lId.\" 
at hi~h 111'(':'''111'('. 11t :0I ph:l"I ! :~ (,. forll\) :0/1111':11'". Tlte 
pl'c:<cnCt: of a I hiI'd polymllrph Itas IIU\' \)('('11 l'l'pol'lcd ill 
:lIIy pn'violls sl IIdy. 

1'1'('\'ioll:<I~' ,n' 111('11 I illlll'c\ I Itat. wn hall uhl:1 illl~ I 
:::pcctl'a Oil Iwo ('r.y,,1 al fal!('" of I'aeh pol:'·llllll'ph. I>if­
fen'lIt facf':i arc ulJtailll'd iJ.y "imply 1I11'IIilig Ihe cry"t:ll 
alld r('pL'alill~ the l,?;I'IJ\I'ill~ PI'OCCS'; while alll'mplillg to 
:::elcci. a :-;l!ed l'1')":it:d of dill'prell\' pJI~':,ic:d appeamllcc. 
Thi,; ralldom protl':'S CV('lIll1ally will prodllce :l cl'y"tal 
with a difrc'rent cry,;lal f:lcc pcrpclluiclIlal' II) the inci­
delll radial iOIl of I hI' :<pccl roph(JI omctcr, This can be 
~ecn in Fi/!:". 3 alll! ·l I hat sho\\' the pol:lrixed :ipect 1"<\ 

of two cl'y"t:d face:; of Ihe (j cl'y,;lal of :lcetollill'ilp. 
Figure" ;) :11111 Ii :illoW the :<i Illi 1:11' I'PI'<:t 1':1 fur the .( 
crystal. '1'110. p(Jiarixl'd ,"I lI'cl ra of two f:lCC."; of t he a 
crystal are 1I0t :<110\\'11 "ill('I! lite PI)ial'ixal ion rfl'f'cts here 
arc idclII ie:d 10 I Ito,;c :i('('11 for I III' 1:11'1'.\"1'1:11. The polar­
ized I'pI'cl r:t of I hp J3 form of (' D,le:\ :trl: :-;ItO\l'1I i II Fig ... 7 
anel8. * lllfran,d "pp(:lra were o1>laill(:d for the a aud 'Y 

Fig. a. Polarizl',l ir "pf'I'1 ra I)f :L single lOl'.",,1 al of t hi! (3 f"nll 'If 
CII3C:\ lIZ 'Ir !lZ 1'1',",1 a l fa('( ' pl'rpl'III lil'lIlal' II) I he ilwidcllt radia­
tiOIl), III llois alld Fi~" . ,I ··I:!, par:ollc:1 (Ii ) :Olld pc:rpPlillil'lIlar (.1) 

refl!r t I) I he din!I'1 i"l1 of the "h'I:1 ric: VCI'I Ill' "f 1101.' polari7.l:d r:vli:t-
tiolt wilh l"I'Slwc:t I.) IIIle IOf II,e c;ryslal axes, 

I · ,d 
A~~~ I '\Ji ~ V I I 

1.. __ J ~~1 I 
~:oo 2'100 1:.00 i)SO 1100 ?Xl CK" 

Fi:,:, ,I. I'fllari7.l,d il' ~pel ' lra flf it "illl!:ll! ('I'.\·"lallOf the {3 f"rtll .. ( 
CII.C).1IJ'!lI'I'.\' '' lal fa"1' PI'rPl'llIliclilal' 10 lloe illl ·idc,,1 raolialioll ). 

• For ('I ),(::\, IIII' 0,,1.,' alt,ol'plillil 1>:11111" :l"OVI' I:?itl CIIl- I ;IFt! 

I Ill' el) a"d C:\ ,, In'I''loilil': fn''1lu'llI'il'" Tlu'"l' vihl':lli",, - h:I\' ~ 
Irl''1l1l'llI'il'~ IIl'al' :!~O(l l'Ill - I , a I'l·:.:io" Ilral i" IIla, I,,'oI hy di :l­
IlUIII" wilillow all'fll'pl io". 



1.-£0> 

II 

A 

I 

3200~1 ::-----:2-:::~-15~' 50=-----:-:!.'~ ,L.,:O-=-O--------,7~~ em" 

Fig:, ,-.. Plliarized ir ~(lI'(' lra IIf a ~ i!lg:lc l'I'ysl:ll "f the l' forlll of 
(;11 ,(; :\, 

1 l'lIl) "'1':11 III'( ' :\lId pl'! ',~ ,, "I'! ! ll('h:t\'ior of 11(1' t"'1! ('I'." ~ 1 :d - , 
1'a('(' :lIId X()(' rOlllld 1 h:1 1 I I", P ph:, !'(' (':xi s ll'd ()\'I'I' Ol d,' 
:t :-:hl!rt tl'I\II,, 'rallll'l' r:tll ~(~ lIdor!' 1'h:IIl~illg tl! 1 III' " 
ph:l"!' whi!'h \\':1 " "t:thle on'l':\ IOllg 1('1111"'1':11111'< ' 1': 111:':'" , 

III Fip;, ~ , it (':I II hc ;;CI' II Ilt:1I Ihl' p 1'01'111 Oldy (':xi"t..; ill :, 
short 1'1'( ''''' "1'(' I':II';.!:C whik I hc (\' 1'01'111 l'xi"l;; 0\'(:1':\ wid l' 
pr('''''ul'(' 1':1 II gl' , 

Pa('c :tlld :\0l,1O ul'lailwd ir :-: Pt't:tl':l of IIJ(' ('( fll rlll " f 
ac('tonilrile :\(, (hn'e tl' IIl))('raItIJ'('''; -1;;-,°(;, -- I I.j =( ' , 

aIHI - l!I~OC , Thl: spectrum (ilJ(ailll'd at -I!):! ' C i­
quite din'c l'r'lIt from tho:-:e )'UI\ at -(i,-Joe allll - lJ;i ~ ( ', 

At the twu hi/!;h er tl'mpcralu)'( ':-:, half of tl l(! fUII<1 ;I­
lJlcn(:d~ aI'(' :"i llglel;; :llld half :lrt' doublel :-: , ,\t - H)2 ~ (' , 

one fUII<iallH'II(:d is a quart el alld foul' :lI'C (ripl ('t.~ , 'II ,I' 
triplet splittill~ i,s qllil(' silllil:lr 10 Wh:1L wO ol':-:I'I'\,c ill 
thc polarizcd spcc tm of Iltc 'Y form , Thus we 1J('lic'\'(' 
thaI thcrc i ~ It pha"c chnll~e bct\\'C('1l -1 J;jOC alii I 
- 192°C alld the ~ I)('c trllm aL - 1!)2°C i;; rea ll~ ' of thl' 
'Y plt:lse ralhcr th:lI' the ('( form, This is qllit e impOl' tal l1 
for the only x-r:ly dala lO a\'ail:tblc wa:-: taken:l t -}!1(i =(' 

aIHI will hI' of I he S:IlIIe fOl'm , 
The polarizcli :-:pct'1ra of Fi/!;:-:, :::, II, 7, 'and 8 (13 fOI'Ilt ) 

altcl the frequcllcies of Table',; I :Ind II eOllfil'll' tlt e :II'gu­
mcn I s of ~ I illi/!;:I n :111<1 .T aeox9 concl'l'IIi ng t he a,~"ig:n-

i 
Vi:.: , Ii , P"larized ir ~ I'( ' ('I 1'" or " ~i,,/.(I(' ( 'r," ~ I:l1 "f 1 he -( forll1 of A 

CII,C:\ (,,;(,(',",d 1:1',,'sl:l1 fa(;(') , 

forms of ('f),:e:'\ 011 ollly (H'e ('rys t:d face alit! arc J1Clt 

:;howll 1Il'\'( ', 

Thc samp" 's of acctollitrih ~ alld aC'l!tollitrilc-tl;: wcre 
COlllllll'I'C:ial products used without furlhcl' p\ll'ifiC'atioll , 
Thc mid-illfrared speel I':l werc ohtained on a J>crkill­
EhlH'r ~l()llt-I ;'j:!l S))('c:1 l'opllololl"ll'\('1' with the di:1.lI1ond 
ccll moul,tl'd ill a (iX bcalll eOll(kn,..;el' , fkcau i;c of 
diamolld willdow absorpi ion, "ex, t hc C;\ st retchillg; 
vi 1))':\ I iolt IIcar 22;,0 elll - ' could not hc ob,,('1'\ cd ill the 
PI'('SSlIl'(! IlIC:I !';urCIIH' lIl s, A wil'c ~I'id po1:tril.cr wai; w,(,d 
fol' the pol:iriu'ci sJl('CI r:1. Thc far-illfrar!,ll spcctra 
werc ohlailled 011 a PCJ'kill-EIII1<'1' :\fodl'l ~Wl spcc tl'lJ­
pholollll'tl'r Il " ill~ a dp.\\'ar-type lo\\' tClIlpcmlure ccll. 

Results 
The ohsC'J'v('c\ fn'qu(,lI ci('i; for ClIaeX alld CDaC'X 

are Ii:-:(l,d ill Tahl<,:') I and 11, n 'spl'c livcly, We label lite 
first I wo cl'~'st-allill(' ph:,,,ps {3 alld (\', h( 'c:atlH' I he fl'('­
ql\('llI'i('s of I h!' o1>s('I'\'!'d h:llld :-: alld I II I! fl'cquPIIC',\' shirl :-: 
I,d \\'Pl'lI the s l)(,l:t r:t of tlJ(' two pol ,\'Jllorl'h" agn'(' 
roughly wit h t ho:-:c fotllld by 1':1('( ' :11,,1 i\U(', \(l TI\('I'I :­
fol'c WI' adopt 1 hpil' 1101 a I iOIl for cal' lt ('I',\ 'S I :dlillP ph:ls(' , 
Furthl 'l' ('ollfil'lll :tliOIl IIt :\\. \\'(' :II'!' H'('illg I II(' sa llie 1 "'0 
plta:-:I':-: a:-: Pace alld Xm: COlIll'S fmlll ('OIllP:II'i"O Il of I III' 

I~~--------------~I ~I ~ ____________ ~I 
'225 ICXXl 875 675 <"," 

Fig. i . 

I 
A 

I 

Fi:.: , S, 

Polarized ir lipeclra of a ~inglc rry::; lal of thl' f3 form of 
CD,C~, 

L-J 
87'> 825 em" 

Polal'iz,,(1 ir ::;pp(' lra flf a sill:.:lc ('1',\,:,,1:11 of Ihl' ,'1 f"l'Il1 lOf 
CD,C:-I (SI!('Olld '('I'p,l:d fa c:e), 
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,. 
Table I. Ob sl'rvecl Frequencies lor CH CN Sin!Jle Crysl,lls 

/) .\I "d,' " 
I; I; : , "l'( : -I- vC); :;1-; .... :;\ ..... 11 :::.!:;:, 

11 .. :;11) 1; :~II It) :;Illil 

n . Va ('II 
:;111:: :;1111 :;11.',·, 

n O'. :;11 11 :~Il:J:2 

I :,. 
I', ('II 

~~I .-,t'. ~'. I:I'I :!~I"':.) 

li :2~ .. -, 1 2~ 1\" 2~ 1'-\1) 
~H7.-) 

IJ <iCC); + r ('II " 
I · I .', : ~ 1-11.;1 J ~~lJ 

N., J~:d I-I:,!, J ·IS;~ 

I; : . 1-11'.' IL~'" 1·I,jG 

11 . • o. CII, 
I~ II) II:!Ij 14 ·1:1 

IJ~ .. J.! I:! H'2:3 

If • 
0, CII, 

l:~;tl l:r;"!.1 1:)70 

H" I :)'-~~ t 1:;[,';' I :l(jS 
1:3G-l 

1:, _ 11I~.i 1(14'2 IO,H 
BO'. r CII, 

Ilq:) JIlin 10-17 
11 lin" ) II:)~ J 11))-1 

Jr. ~ I '21 J ~1~tJ 
!lUO 

vCC (1.', .<; n .. ~I I ~ I ~1:2ll !/;;,; 

/-; .~ (oec:\') 71)~1 ;") ~I,) 

fSlU 

111. ·w:? 
n DCC:\,a :)~,:! 

, 
]', '::<1 :/ ,·01 'pctl ra obtailled ollulII." 'J ilt' ': r~ ' - : "I Ll'·c:'. 

rneJlt (J i rllC hand" in tlte 1-100-('111 - : re~il)lI of the 
"Pf:C'tI':;. In CI},CX, the c(lmbill :I Tifln 1,:lIld (J:WO 
(,111 -: , -!I' Jlllcl he free of F<'J'llli !'l'-III1:lIKl' (,(,Ilplillg " 'ith 
ooCD II) 10 em - I). 13a"C'cl "II t he C~ . lrtlJlvcul:lI' SYIll­

rt1H tT, ], l' Cllrnl)ination b:llld .-h"ldoll' l' .-plit illto all AI 
flllc.! r' (·IlInpOlletlt. " "e nppl':11' tl) l'l' l,b~ l'l'\'ill~ thc Al 
C1,11l1" .oI:r:lt uccnuse uo matl('r \\·h :l t cr::-t:tl i:lce wc ob­
-('}'\'(~ It c'rc j" ~ume dire('1 ion oi t hc pobl'izl'l' \\'hieh 
brill:!- :li."'111 complete extillf'tillll 01 Ihe: 1:'>00-CIll - I 

},: llil I. :::u('h pllhl'iznt iolt bc·h:H·j .... r Ita" IIl1t l)cc'n ob­
H·I,\,b.! jfJl' I:ithcr of the [\I' () b:lIl<1- ill the 1100- 1·1.")0-
em -: r"~;f) 1l uf ClI,CX. Tll(~.,e dil'I'('n:llC' l"'; (':111 oll l,\' be 
(,xpLti nc,,-1 by :t couplill~ through Fermi I'C."Ol1anCC of 
o.;CH: ::11,1 the c'lmbill:ltioll bawl (oCC'X :tnd ,. eIL;) 
1('::,lil l:.! t 'J mixed mode;;; fur hoth thc' l-!,jO-cm - 1 and 
1-1:20-em -; :lb.-orption~, 

Discussion of Crystal Structure 

.-\" e :.11 1)(' ~C(,11 i n Fi~.", :~ :1 Ill.! -! and Ta hie" I :11111 II 
('::('h ,·jJ.r:·diIJllaI11lodc or tlw.3 alld (, ,-"rm .... (lj CfLex is 
pobriz,·ol into either a cloltl']t,t or :1 triplt ,t. Ba"et! on 
til!' tlJo.,] l·('lll:tr synllllctr:' (C;;. ) l'acll .tl Illode is "plit 
illt" :: ti " ttlJIl't in the C'r.,·:'t:ti "pee!r:l ;111,[ (':Ich J: Illode 
illtll :, i ripkt. :\11 the factol' ,!.!:rflllp" \\'hie-ll will gi\'(~ .... uC'h 
~l']i ; rit !,,! l't·quin· :1 Cs "itc gl'tlul'. Cllml ,illill,!! tlte "pli l­
til !:.!: rt'lptin'nll'nt with :tttt'tlll'!- til C''''I,truct a unit 1'1'11 
1''- :u" 'j "l litrill' of till' pl'llpl'l' .-:·ll1tJl t' lr.\· limil the f:lC'tor 
,:.!\'I'UI' 1,,, --ilJilitil'.-; to C~r' (.'. ", /J:,., :11101 N:, TIH' far-
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inrl':II'I ,d rn " IlII 'rll'il'" fill' 1",I.\·'T\·" I:dlill" ( ' II .! ''\ :llld 
('1).:( ''\ :tn ' li ,., I!'.] ill T:tl,lt ' Ill . TIl!' I':lli" til' tl,,; fl'e­
qll('I1I',\' til' ('I U ''\ 10 Ill!' 1'1'1'1111( ' 111'.\' (If ('I >..{ ''\ (';111 be! 
1ISI'(I 10 idl'lllir,\' Ill<' LillieI' Il1o,k,,, a .... 1'(lI:ttioll ;tl 01' 

t 1':1 I 1,.,I:ti iOIl:t1. Tilis i .... :t1,,0 sho\\,11 ill Tal,](, III. The 
Oil 1.\' 1'(':1"(111 \1'1 ' C':l1l \'i ,,":tiizl' fIJI' 11111 1IlJ.";I'I'\ ' ill~ 1111' \\'e:!k 
hi ;,!;h fl'(''IIII'I1(,~ ' h:llld" ( I1mr 1:';:, ('111 - 1 ill (,II,.( ~ ,\) ill tlH) 
dl 'lItl'l':tfl'd lllol('('ull' is tl, :llt lll '.\· Il :l\,c s hifll'" fa t' (,!lollgh 
10 Ill' hiddl'll h:' till' \'('1'." .... trllll;,!; haud" IlI 'al' ) I:, crn - I. 
1f thi" i" truc till'se IIl0dl's ;11'(' abo rotatilln:ll mod('s. 
Thl'C'(, 01' po.', .... ihl.\· fOllt, 1:1 t (il'l' fl'l''1IlI 'IH'i( '" h;I\'I' b,'rll oll­
~(,I'\'I'd fot' bot h t IH' tY :llld 1'1 fmllls (If (,II ~C'\. The 
prediel!!d Illtmbl'I' of ir :11'1 i"l~ lal t ic'o fn'qtH'lll'il ',-: 1'11\' I he 
pos"ible f:tet III' ~rollps is "ix ('X('t'pt. for t I" , n~ faet or 
p;rollP which "hollid .... ho\\' fift('I~1I lattice fl'eqlll'ncies. 
Whill' it j..; po" .... i bit, t1l:\t t\\'o or thrcp 1:ltlic'(! mode_' 
c01lld h:IH' fn'<tIl(,lIcil' . ..; 1)('1(l\\' the '!;")-('1ll - 1 lilllil of 0111' 

spetlrop1Iolom('fpl', it is lint po""ible th:1t there are 
elc\'(,11 01' !\\'('IH' fn'qllcll('i(',..; belllw ;iO tm - I, Thus the 
po"."ihlC' f:lctol' ~t'()lIp,,: :Ire limited to ('~" ('~/" :llld f)~h. 

Ai thi . ..; poillt, s(' ll'clinTl of:1 f:I('lol' ~rollJl 1111 ,..,1. 1'1'1,\' 011 

chemical illt lIil ion rat h(,I' t h:11l "pc'<:t I'll.-I"'llic f:tds. 
?\ot on l.\' i .... tllU POI:I!'izalioll lJl'h:l\'iol' i(lL-Tltjt'allJl't\\,I~I!Il 
the ex and ~ fOl'lll"" of :II '('tlJllill'il,', hut. tit(' frt'qllC'lw), dif­
f en' tlel'S b<.:1.\\·('(' 11 fl\(' t \\'0 f"l'Ill"" :t 1'1' 1'1'111:11'\.;:1 hI.\' :-; 1Il:dl. 
If WI! take SPlT II':t jll . ..;1 Ill' f()I'(' ;tTld I'i~hl afIP!' I hn n to {3 
phase eh:lu,l!,(' (at 1IC':lrly ('qual 1'I'( '''''''lIl'('S or ternlH'r:l-

Table II. Observed Frequencies for CD ,CN SillY Ie Crystals 

/)"" :\\"d" ,1 n' -;" 

1/, .. 
O('C;-,; + ,. e l l:. 

1210 I:!:!:! I :!:\;\ 
1/,. (:!/J:, 

1/,. 
0" (;1 >, 

I III:! I 111:, 111 :, 
/J,. I Il~)!) 

H,. 11111 I Il (~) IO:,·t 
U,,, 

0" CD, 
IIW'; 11l:;7 10:" 

N~u 10:; 1 

U,. X.",O 1\:,;\ il,77 
H," r CD" X IIi X-" r .t_ sn 
U, .. Sl~ 

H," vCC 
X;l/i XI:l XI:.? 

H3• ~JI 

/I, . 2 (hee );) G!l2 711 

a I'olnriz('d .-pl,,'t ra ,,"lailll'l! "II ,,"1.\' '''II' t:r,l'~ta l fa,'c, 

Table III. Observed Frequencies for CH ., CN and CD,CN 
Polycrysla ls ( ~- 120 'C) 

('11 ,( ' ;-'; ('1> .• (;); C II , C;); ('IU'\' '1\1'" 

{1 a· {3 a {3 a 
- ----- --_ . . _- -- ----
1:11 I:\a It 
IIG liB II :? J 17 1.01 1 .1l:? 'J' 
7:\ S7 (i;2 77 I. I.') 1. 1:$ N 
r,o :,0 ;',Il ;-,0 I .Of) 1 .011 l' 



H 
c-C : N : 

HH . 

HH I 
X / -C -Nt 

i " H 
I H .M 

l IP(- ( , 

, /Y o 2h Z 

L ._. H 

Fi~ . \1 . J'roJlll~(· rI ('ry,,1 a I ~I 1'11('1 ur(' fur Il, c fj forlll u[ ell ,C\T. 

Fi~. 10. 1""i''''l;d ",y"l:d "l nll'l,"'(, ["r IIt(· rr r"rlll or ('II JC:-\. 
AI'I ,1:11 (·r.l'",:d II:, ,·j;!; ltl '"I1I, · , · "I ,·.~ 1)1'1' II IIi I (.(.1\ wi I It a pia II C "f fom 
'"'11( '1'111('" id"111 j(·,,1 III 1\'/: f"'lr ~ I'"I\'II ill I It I; li).!;,"·(· . Tltis "1;('IIIId 

pl:tlll' flf f,,"r ","1( ·,·,, 1( ·-; i.' )lar:dll'l III I 1,, ·li ... , 1 pi:, "", (·il I,, :r allf,vt: iL 
"I' 11('1111\' it. 

(lII'C . .;) W(! filld II, at. l)fdy IIII' ! ·J:.!()-<:III - , alld .1 :no-cm - I 

hallds show sig:llifi(';IIrt (>rl ('111 " 1) fn'qll('lI cy difr( ' I'(·IIC c~. 

This woltld S('('lllill)_d.\' illdic·: tll' a Illillillllll11 Cit:IIIg:f' ill 
ill(c!l'Il1ol( '('ulal' f"l'c'(' '; as a 1'1'."; 1111. of 1I1(! phase ch:tll~p. . 
The (·a" j(·s\. \\'I,,\' II) d" II,i" j" for IIII' pl,;,sc! c11:lIl g:p III he 
"cLIV('1'1i di:T('J'('lrI sP:'c'(' gl'lIllpS "I' I III' .·alll(! faclul' Vomit)! 
(i.e., J)~" I ( 'O ) /)~/) 1':1111( '1' 111;111 1)('1 \1'('('11 difT( 'I'(:11I faclor 
grollps (i.I'., I Ill ! 1\1'\1 111111('(,111(,:; or a ('~. ulli(. cdl ~(Jill~ 
to t.he t11J'{'(! 1I1111, ·,;I"C ·" IIf a. (" :11, IIlIil (!( ,II). HO\I'cvcr we 
CUtlIlO(. (!OIt.~1 I'll!'! 11\,0 el'yslal S( 1'11(:1 II res in t.he same 
fac:(.ol' ~I'OIlP 1'111' allY ra(:tor g:rollP IHIL /)~" . The two 
Pl'o/,os('ci S (l'lll'llll'l · . ..; :11'(' ShO\l'11 ill Fig:s. !J alld 10. The 
J)th l cl',\'sl:t1 ()Illy n·'1l1irl'.-; four IIl1lh'CIIIC's pel' ullit ccll, 
but. Ihe j)~,, 9 ('1'.1' .-;1:11 I'('quil'e" ('ig:llt l\1o!eclIl('s pCI' ullit 
('ell in onl pl' 10 Ira\'(' I)~/' "ynlllll'II'Y. Ollly flllll' Illole­
cules arc showlI ill Fig:. 10. A ;-;illliial' layer of four 
moleC!lIle,; is allll\'C' 01' Iwlo\\' I hc fir:;l I:t~. (, .. allll p:mdlel 
to it. TI':rIl:.; ilioll frolll J)~1I9 (0 /)~/, I olll,\' rl'qllire,; a I'Uta­
l.ioll uf hair of (It(' nIOI('('llil''' in I II(' ullil ('I'll . 1t is ill­
I('ros till!!; 10 noll: ('1':"111.- III) Ihal III<' rolalioll:1llatli(!e 
Illud t':; shOll' a l:llW~ frt'qll<'II(!,\' dill'l'I'l'II(;(' bel Wl'l'n the {J 
lind (t C!ryslals, \\'hill' III< ' Ir:lI1 ;-; l:tlion:d lattice Illodes do 
110(. sho\\' IIlllell "I' :r diITI 'n·lI et!. Fig:ul'c 11 "hOIl'S I he 
('lll'l'cl:tlioll di a.\'.;r:1I1i or a (') LC:\ cryslal ur /)~/' s.,·nl­
mell',\' . JII'I',' i( tall 11(' :'(,(,11 Ihal t':teh .. 11 \'ihralioll 
i'plih inlo:r dllllhh 'l ill lit(' C'l'y;-; I:t1 :llld ('ach H \'ii>l'alioll 
illto:\ t ripl( 'I. l'ig:III'( ' I:.! shows 111:tI lilt! dil'l 'd iOIl of I hc 
tl':tllsilioll 1l11l1l1l ·1I\."; (If III(' \'ihl':tlioIlS or :r J)~~ faclor 
v,rollp will Ill ' :t1I1I1~ I Ill : .1', !I, or:! axis. '1'1111 '; it, <:all 0(: 
dcdllt:(,d Ill al ill Fi g:.:l we :11'(' ('illll'r lookill~ at Ihe .r" 01' 
y z cryslal f:I('( ' alld ill Fig: . . J II'C arc luokillg at till' .ry 
<:1',\';-;I:t1 fa('(' . 

'J'Il('l'dli1'(: w(' rt'l'llhal. 1111 ' tr alld {:3 fOl'lIl S of :1(,('\0-
Ililrilc: are likC'ly 10 Ila\'(' a I)~h' or J)~II~ SP:l(:1' ~l'OlIp. 

From a rOlllp:lri"oll of 111l: 111'0 ('1'.",,1:" ;-;ll'IlI'llIn'" il 
S('('IIlS as if IIII' ('II \-ihl':tlioll" \\'ollid he 1('"'' s lt-l'i'·:lII .,· 
hilld,'red for \'ihr:ll iI/II" or I Itc· /)~ II ~' SP:I('I' 1-(I'01lP 11, :111 (III' 
vibratioll:; of Ill(' 1)~1I 1 Sp:ll'1' ~rlJllp. _\1."" it (':111 Ill' PI'\'­

diclC'd th:ll illt'I'(·:I:.; illg: 1'1'<'';';111'(' wOllld Ilrillg :tilllUI l,i g~~L' 1' 

fl'eqlll'lIe.,· shirl,; (Fig:. :!) fof' lJ~ /,1 \'il'l':ltion-; 111:111 fill' 

])~h9 lllCII\t'.,. TII<' . ..;c b ,,1 (\\'0 sl:t!(,lltc'nl:, "1Ig:g:I·,;t that III<' 
a cl'ys(al has :1 1)~h 9 SP:I('(' g:f'()lIP \',hile 111l' J)~hl "P:II'(' 
groUJl fils lilt! f3 ('!'y;-;Ial. 

For tile 0 CI'~-,;\:t1 lilll( · can 11(' ,;a id :ti lU llt Ihe fal'l'lI' 
group. The ;-; pliUilll!; of I)(JIII J l and I~' ,·jbr:tlion,; illtl) 
Ol\'{'e componcnts 1ll('anS that til e site s~'m\lletr,\' ha:, II) 
be lowered rWIll C'. to Cl • 'Vilb:1 (;1 :::ilc sYlllllll'lr.\· 
almos t any faclor ~I'OUp is pw.:,;iIJI <'. lIOII'("'C'I', l'l'nll'fl) ­
her that tll C loll' t C' fl)pl'f':tlllf'C (-J!J2°(;) ,,)!ectrllmllh­
taillcd by Pace amI ;\lIC also shOl\'s splilling ililo a 
triplet e;..:cC'pt for one oalld \\'hich shows fom compo­
ncnls. This fourlh (,OlIlPUIIPllt cOllld 1)(' explain ed a,,:t 
combinatioll hand Ic'avill~ ollly triplets. Thcn tit<, loll' 
telllperature spC'et I'll III is Ihe samc' as 0111' hi g:h )lJ'( ' ~""I'I: 
spcct :'Utn of Ihe l' form . Pace allel ;\oe lO abC) obtail,!'d 
x-ray pClwelel' dala fill CIll; :\ cry"tab a( -- ]!){j OC :,lIti 
fOlJllc\ I hi . .,; furnl to he a prilllil ivc orlhol'hlJlHhie CI'\"I:l1 
with l'i~hl 1Il0!c'culc,; PC'I' IIl1it tl'll . }\S;-;lIllli",!!; nli ,; i,; IIII ~ 
l' cl'yslal 111<':ln" that thp. faclol' P;I'OUp i,; lilllil('" 10 
C2., f) t, u\' n th- Wi I h t he pl'(,:; I ~ lIl da t:\ we ha \'C' 1111 

mealls of limil illp; the fa clor ~roll)l afl~' fmt hI!\'. 

Conclusions 
While we call1iol defillilely (',; I:thlish till! cl',\' . ..;1 al "ll'uc­

tlln ',; of CII3C~, lik(,ly ;-;I\'\lclu\'('s 1t:lye beell 11J·II IHI:,,·d 
fur I\\'o of the pulynwl'plts alld lilllilaliOlls h:t\'c 111'1'11 
placed on Ihc cry,;lal sll'llCllll'e of Ih(: Illil'd pol.\'IlIlll'plt . 
l\UflC ur the )ll'Opo,;cd sll'lIctlll'l''; positioll'; Ill l' dipoll' 1)1' 

MOLECULAR 

C 3V 

Fig. II. elL,C~ corrclatio1l di :,~ r:ln1. 
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.. • 
IIII' (' :\ gro"l' ill :1 f:t - Ilioll 111 ;11 ;dl"lr..; 1" "I1I'I"\ill!.!, 10 

:I dillll'r (III' Ili!.!,III'r 1',,1 ,"1111'1') :1:-< 11 ;1' 111'1'11 1'1'''1'" ,.1''' 1'01' 

liq"id lIil I"il,'.~, '1'1111:-< ;111." IIl"iC'liI:iI illll ;d dT, '""" (11 ;11 

('xi-I ill I h, ! liquid do nlll :11'1'1':11" (0 ('aI'''.'' 0\'('" (0 I ht.' 
~olid, 
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:\1t-(ira\\"-lIill Bllok ('IIIIIJl:lII~' , :\I'\\" Yl)rk, J!")(i ..... ~""7 pp. :3 1:l..-.n. 

Prinriplt's of Holography. B~' 110\\".'1:" \L ~~I/TII. \rilc),­
I 1I\(· r~..iI'II' ·I', :\('\\" York, I !Hi!1. :!:l!II'P . sn.!l.i . 

T\\"o n~ "('111 IJlluk~, '"Il' I • .'" C:o"dlJl:t1l :lIld w,c I •. ,· :-illlil h, d,,:t1 
willi IJ.al p:trl of lJWdl'I"J1 oplil''' a~';"l'ia\('d " 'illt "1'Ii"al /lr"I 'l'~"ill:': 
lIlIll h .. III:,:r:lph.I·. '1'ht,." hIlt h 1"(,1.,' 1111 t IH' II~(' of "p:t t.i:d Fllllrit,l' 
Ir:tIl ' )'III"III" ill tJ.e dc~t'I"iplillll IIf "l'li, ,: t1 lil'ld ,~. Til a ("t'rl:lill I'X­
telll, 11.(, I ... "\; ,, Il'lId III t'IIIIII'I"IIIt'1I1 t,:tdl "lllI'r alld it th'I" ~('( ' III " 

appn'l'ri:II I' I .. I"('Vil"I' I hc I It ... k" (II),:cl 111'1', C\'I'II I h"'Ig:h a n'vil'll' "f 
GUI".hllall hn" :II n ':I 01.'" :tppt':IJ"('d- .. ,,('(' .\ ppl. ()pl. 8, 11 ·1 .... ( I !lIi!». 

I Il/rn'{"diOJl Iu FU luicr UI,lir.' i" :l1I t·X(·t'lIl'lIt. \('xlhll"I~. Th(' \"t '­
,'i(" I'('r lI"ed tht, hllok as :I t(,xt ill a I!:1':tdll:llc 1·,lIlr';l: dlll'illJ.( I iiI' 
~pl'illg: of I !lIi!) :lIlt l it 11':1 ,; Vl'f.' · 'H,II J"('I·t'il'l'd h." I he ~ (lId"1I1.- ill I he 
1'''"1'>(.' . . \f ll'r a hripf illtl'",lill't"ry ..11 :1 1'11' 1', lhl' ""('''Ild dJ:lp le r 
rll'ab \\"il h I hc :lll:d.,·~ i" IIf I \\"1I-dilllt'II~i"II:t1 lilll 'ar ~y"l l 'IJl". .\1-
Ih,,"!.';1a till' h""k i" '1",,·ifi, ·: t1I.,· dirl" 'It'd IlIwal't! IJI'r~IIII" wilh 
(,I('('lri('al ('II:.:illl'l'l'illg: h:I..J'g:l'lIlIlld., il ~ llIlIdd 11111 I", lillliled I,) 
~lI dl pr'''plt ,. III lI"illg: I I If' Ill".\; \\"il h a 1'1"11"" ~(",( illll "f (·It:,:ill('l·r­
ill/.; "llIdl'lil';, I Iii,; rcvi('\\"I'r fOlllld llial "'lillI' n'vi('II' IIf "III'-dillU'II­
"i"lIal Fllllri('r :1I"dy~i" \\"a-< lI"dlll \1·1,,'11 "llId.'"illg: Chap. :!. II,,\\"­
cn'r, Ihi ~ po,e" "" \"t 'n l /lr"I.II'1\I ill Il"ill:': I hI' h""k. T\\"Il :tl'p('I1-
dit(, . .; ill IIH' b""k dl':" 'I il h Uir:tc ,It 'll a fll I 11'( iOIl:; alld I hi' d,'riva­
lilJll "f "c \'l'ral I,',,"ri!!r I rall"f"rm t hl'IIn'III ';. 

ClllIpt(,1' ~ is d('vIJI('d III I he f')lllidal illil" IIf ,,('a l:lr dilTr;u'l illll 
1111'(11'.". TIlf' 1It'lndllllll. <'q"ali,," i" ~III\'t'd II sillg: <:1"('1'11'" 
t Ial"Jr(' 11\. Thl' d l.'I"i ,'a I illll IIf 11i(' 1.'lbllel-KirchhllIT d iITr:II'1 i'm 
fllrlllllia lI , ill~ a fl"('I'-:;p:1I'c Grl'l'II '" f"IICli"ll alld I hI' uerivalillll"f 
(.he nayll'i f,;h-~o"lllle rf(' ld dilTracl ill1l f',l"\n"la ",illg: :III nllcl'lIale 
"~('lf-('lIn " i4cl\l," <:n'CI\',; f'lIl1'lioli :Ul' 10011. ('arril'd IIlIt ill d,'I:lil. 
A I!l'ncra I i7.:l I i'''1 uf I hI' na.'"I"i:.:h-:';"IIII1It'rfl'ld I hl'or.'" (I) 1I11ll1n"IIO­
clar"Tllatic \\"a\,(':; alld a treatml'lIt· "f dilTral'lillll ill lerlll" of all 
:l1Ig:lliar "Pl'l'tl"lllllof pia III' \\":IVI'" arc :d"l) illd,ltll'd ill C liap .:3. III 
Ch:tp , ·1 Ihe Fn'.'; IIt'1 :lIld Fr:lIl1 .J itJfe r "ppr"xilll:lli""" aI"(' :tl'plied 
lolhe ditrl':I('lillll illll'g:r:lb :lIld a 11I11II1,('r "r Fra'lI,hofl'r dilrr:u'( illil 
l'allPI'II" an' ('alt-Itlall'd ""ill~ thl' t"',,-dilll('II ,, illllal FOllril'J' Irall"­
form tl'dilliqlll'~ of Chap. :!. 

Ch:Jpl"I'':; ,-I alld G f01'1II lilt' hl':lrL of thp Iltlllk :lIld dl"ll \\"ilh lilt! 
dill"r;\t'lillll 11lt'''I",\" of illl:I~1' flll"lll"lil'lI . TIll' FOllril'r Lrall"fll rlJl­
ill).! pr"p('J"til'~ "f 11'1I ~l's arl' derin'd ill Ch~l' . ,-.. .\lI hllll:,:h ~l'vt'l'al 
l 'IIlofi J! lIr:Jlillll~ arc ('tII, ~ idl'l"l' tl tllt'Y all illYlllv(' pbllc \\"ave il­
Itlllli":11 iOIl. \\ 'hilt, I hi .- i" t III' ~ illlplt'~1 t " I'IIIL-idl'r I h,,"n'l i"all,", 
~I'IJI'l'i, ·: tI 11':1\'(' illlllHill :i1 illn i-< "fl"III1-I'd l'xlH'rillll'lIt:t1ly a 1101 ';"1111' 
di , "II ": ' illil of I hi~ t':hl' \\"011101 ilnprll\'l' t hi" ,'hap1L'r. (1Il:t:.:!' forllla­
I i"l1 \1 il h Intllll)t ·hroll1:J 1 i,' illtllJlinat iOIl i ~ :d" .. di" "I"~t't1 ill ('hap. :1, 

22 APPLIED OPTICS / Vol. 9, No.1 / January 1970 

alld all iIIlPlIls(' n':-;pOII:--(' i:-, clpriv( 'd a ..... Ilu ' F4 111rit,I' 1 rall ... f"nn Ilf 1 he 
pllpil flllll 'l iO Il. ('h:tpl,'r I; i, dt'VIII,'oI I" IIII' 1'1"( ''111''11''.'' :lIo:t!.,·-i, "f 
IIptil'al illlag:illl!: ~)""lt'IIl .". '1'111' (,,,ht'I"('1I1 ("all ~ fl'r fllll,",i"l1 i- oIl'­
rivt'd :lilt! il." n'lalillll~hip I" th(' IIpli, ';o1 11":I 1I~f('r flllll'lill" "f :111 
iJl('"IIt'\"(,,,I illl,,!!;iJl).! ".",,\('111 i ~ ,'an'fllll.'" 01"" (,1"111"1. Till' ),:"I1I,,.al 
t rl'at 111(' It I. tlf 1I0Iltllfllltll'hl'411l1:11 ie' illllllli !l: 11 illl i 111:1 .\ ' :--t 'I' tll 1111 ... ·'1 i ... -
f:l( :t"l'.'" III "lilli' "l lIdl'III ~. \\' hil" til It' i- ' ·I' ''I"i"I.I· ~.\"I"J>alllt ' l i,' I .. 
III!' pr"IJI"III" a"",wi:t I, 't! \\"i I h (a I; ill:':"" r:o IllI'r 1111 I).! d,.1 ,," r I hr,,":.dl 
I hI' IItI"lJ I'Y "J IlI'I'li(// ("Oh, ·,·rll'·"" I III' il,-i~lo\ g:till,'01 I,.,' .- Io"wi l. :! 
('111"'1"('111 :llId illl'"IIt'n'lIl illllillillal ill II :J .~ lilllil il' ).! (',,-"" "f tI,(, 
I'rllp:tg:al i"l1 of 11I1I11I :d illl"II.-il .' · IlIitdll 111:01, ":t 1111,,1",1 "ff"r l :tI"I.!!; 
I hl'~" lillt,~ I,'"rl h\\"hil,:. :\1I11t1l1'r 1'"-.- il .I" ~IIII""I' "f """fll-i"" ii, 
Chap. Ii "ri~l'~ f"II" I 1111' f:1I"1 lhal 1111'1 '111 " If f" ''1'I1 '''' ·.' · f .. r " .. 1" '1('111 
illllTllill:tlillll i ~ \"(,r, ' rn,d III IIII' illl:t).!" 1,1:011 '" '1'1. 11- ill a -.,·-It'1\I 

wilh 1I1:1:':lIili,,:tlillll, Ilti" 1I111111 ... r \\",,"101 III" I", II,, · Illaxillll lill -1':1-
lial fl"( 'qllt'IJI·.'· "f IIII ' III,j""1 \\"1,i..!1 i ~ I r:II " llIil 11 ,01 b.'" IIII '~.' · "I"IIi. 

Cltaplt'r~ 7 alld 'dl'al II·il h :tppli,·:tl i"I' ~ alld 111:11;" li p II", la - I 
h:tlf "f I hl' I"."k . :--:,.al ial lillt'ri"J.( :1,,01 "1'1 i, ':d illf"I"III:J1 i,," pn.­
('(',,~ill:': aI"(' di""t.-,,(,tI ill CI.ap. 7 II .- illl!: 1111' Fllllri, '" I rall·f"llIl 
1111'1 h"d " oIl'vl'l"p( ,t! ill II", "arlil 'r ,.J':I,.I .. r~. T"p i,'- ,., " '1'11,01 ill Iloi­
..tlapl('r illl"ltld"plll""I!:raphi,: lilill ,·h:Jr:It'I,·ri.-< lil '.-, ill('" llI'n'lIl "lid 
( ·('}I('I'('III llf1II ' (':--sill~ :'." ... 1('111 ;"\, (" 1I1I1,14''\: :-, p:lli:11 f i lll'l il'~ :I lit t 
IIlul,.jlt'oI lillt'rill~ , al,,1 '."111 lol'l i"-:'1J1'r(JI\"t' raol:or d:ol:o p r"'·I'--illj.!. 
(,1o:1\.«('r' i~ d"Volt'd 10 11I ,1"g:r:oplo.1". 11,,111 IIII' (::,\ ,,,, '"11 1 Ihl' 
I."ilil -! -pallli, 'k ~ lool"l!r"lIl ~ a 1"(' d('~ "('illl'd II ~ il':': II ... i''' ·:t..: "f 
~pa(ial fn·qlu·lIt·.'" "pl', ·lra. Till' I'I Tt·, · (~ " I' lilill ..t"lr: \I"I( 'r i ~ li,·"'. 

1I11l1lilll '"ril it, ,,, alld ('IIIIII , ioll I Ioi"kll('~'" an' tli""II--l'tl :d .. llt! wil h 
1!('IIt'r:di7.a I i"l1~ 10 ill"ollt'\"t'liI I i).!111 :IIld TII"villJ.! ,,1.j"I·I~. 

(;II01ll1lall' :; I ..... k "all I .. , loi:,:ld., · \"( ' ('IJIlIIIlI " "ll'ti :0" " I,'XI f .. r " 
"ollr:--( ' ill J·'tlllrit· r "pti":,, 'TIH'rt, i:"\ au :tv(:r:t~(' of ;duJllt H'II plttl)-
1t'1I1" al. lilt, 1'1101 or t'a..tl dlaplt' .. , 111:"'), .. f whi, ,1t arl' d"dlt'ligi ll ).! 
alit! ('ITC('I ivc. 

l'I'iJ/l'ip/" 8 oj l/o/')(jm/JI.y by II. .\1. ;O-;lJlilh i.-< a dil"i"rl'lIt I-,"pe "f 
uOI.k frlllll (:O"( "":II" ~. It is 11I(,I"(, .. f a 1I11111t,g:rap lo \\"It,,·l' I":t ill 
fJ""P""C " i" til pn"I'IIL:L IIlIifi( ,d :tlld ""lIlpll'l(' I rr':l1111l'111 t llf h .. I .. !!:­
raplty) IIlIdt'r "lit! cllv!!r." TIt(, Io" .. k i~ 11111 wrilll'lI a~ a II'XI --
111I'i'(' aI"(' 1111 pmloll'TlI :; alit! il wllllid I .. : dill i('1111 I" 1I.-I·IIo('\)I)"k:1> 
tltt! IJa ~i,; fIJI' all illtr",I""llIr), CtJllr"c i(1 thc fi(·I,1. .\ s Ihe a"t1I"r 
:-;1 a t('~ ill I h(' pnofal'c "i( is :I~~I1I1)(::d I h" \ lilt' n·"dl'r I",,, a k 1111" Il',h!l' 
of s('v('ral a"pl'('\s IIf IIpl il.'s. sll,'h a~ 111"0]111,, I illll I ":II,- f( ' r f'lIl1"l i"II-. 
"pa(i:tl frt" I'I('III")" plta"e, (·"hcl"('lIt·(" dilTra clillll, :11,,1 '"~ 'oiL" 

C'JIJ<illiall'" h""k J.(III'S a )UIIJ.! way Illward pro"iol ill:': I hi- IO:II"\..:­
grollllt!. 

:-ilTlith :tll('mpt" III hrillJ.! linIN 0111 fir tloe ,·11:1",.. ill IiiI.' 1t,,1,,!!­
I'aphy lit(' r:illIJ"(, lip (hr"lI).!h 1!lIi". '1'" a Jar:':I' l':o.lt:llt I'l' 10 " ..; 
~ 11!', ·t·(·dl'd alilltJlI!.!;h lilt' J.!1I:d .. r :l ('OIl,pll'l (' (r(':ll 1111 ' 111 j..: \' irlll:tlly 
iIl1Jlo~., ihl(! ill ,": \11'10 :l rapidly 1!;\"II\\"illg: li,·I,1. 'l'hl' Ii r:- I 111'0 t'l1:1\)\I' r-

fo,.ti,wrd on PlJD' 33 


