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. CMA~T.EB. . I 
. . ' . . 
jlt!TB.<?l>U~l'tON 

1, 1 V,pral pee~~!pti ~. o( .fq~~n~t., 

Th• Urat rellabl• phy•icat ·~ o.Q ct~y•tallin• .e~dum hydr,o&• 

· id• ..,._., o~d ·<frlt.h ·e~v•t..i• whieh ha.d boen ·foim.ed u the p;roclUct ot 

· a hycb:.,ucm p;ra'c'"' -l:O: :Poitl~ c_,m4:Qt.• . N-.tu~ally otc~~tng ·crf'tal•. 

w•r• firat di•covel!ed ~o:t $ca:wt Hill, County Antrim, belud, by T1Ue.y 
' ' ' . . _. ' . '- ' ) . ' 

(1)., who propoaed the name Portland!~ to't th• .n•w miner-.1. Thue 

nat~al "y.-tal• ..,.,. tn tb.• fonn ot 11mt.ll h . .,.gan.t.l -pla:~•• J.nUrn~oly 

aeaof:la.ted TliUl aiwUIUe · nd calcite .in ~Pi~·1pv;rtt• eolltf.ct ~odt-, 

having bo•~ llltl~•t~y cle.:rJ.:v:ed ltom jh' hy4,ation f!*t th• ;t'o,t".ka. 

Good uNlldal etyatab w.te prepazoct by Aahto:o.. and WUaon (1) 

by~· slow tn.~rdUfua~o~ t Q~C:lz a.n.d NaOH aoluUona;.. tkey ~.,tned .hex ... 

agotUll plf.t•a and p~ia;UlS, th•.longel' prism• s•a~raUy A.vtng •mallor 

CI'Oita sec~ou .a.t one ·eXJd than 1.i t.h• othef . With thee C:l'Y•*al•, Aabton. 
. ' ' . ' 

an-d WUsQn xna.ct. .a.~cwrate flet•~,.naUcm.• ot a ll:Ui .ol t;b.e. pb.y•tcal t.:a.d qp.. 

tibl pre}M.t-tiee of Ca(OH) • They also repor.ted that go.oci Ca(OH)a ~.-ys­
2


. til•' in the form Gl. hexagcmal. plates ¢aft 'b.t produ.eed by t)te aettoi o! zo 

. ' '. 


to SO "~q;ent KOH wblu~~-- on pt,dpi.~ttd. G:aCO , and. thAt <Very ,gtfod

3

ery•Ula, utw..lly thin but q;p to 1 rnm in di~JX'leter, have boen £oun4 on the 

•u:dac:•• a.:nd 
• 

it\ JM ~-dot 
I • 

of old ce~nt 'bf:iqqtte• which have 
' 

been eto:re.­

l. 
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Pcu·*lanOlte ~•y•tal• a.re ol••.- pd. tolou:rl•••, with. ,...fe¢t 

de-.VI.g•, parall•i to tht (0001) :p~ . Th.e· lll&tf:dallt Vttt"y •ott1 and 
'i ' r 

it• apeciftc grav!.ty l1 2.!30 :t o. 003 • . Th• ~yatal it u.nla:d.t M&~h:e_. 
. . . 

vnth ~cpU~~ peJ""n4.ie~ to . ~• ci,aVllgt pl-.nea. Thert la otlly 

ntoc:l4tc.at• bh:eltinge~~, :~• re£~,saedV:t• ~dt~oa bo'.;ng ne- = 1 • .674 .a~4 

Dw= 1 f 947. P9~te. ls t.lr1y stabl•ln d.J!f ·-.1~ . •~ o~y · ato\\l'ly <ll••: 

&otv_ 4 by 'W'a~r .. -.,~. ·when •P'>••~ to ~o.l•t ~tr OJ' ~a .Y, ter ~outat~ 

c:o it ~~on:t.ta e~ov•J«u:l in~ •hot* •1n• .tth a c;.-u.at of Ca<:o,. ,2 

1, a ~ e;rx·~· ~tt·~tu.r• 
f ' ' • 

Tb.e #tya~l ~JI'GCt*lr.• of ,ottland.i·~•~ .utch ••· been. bowa fot 

m.a;ny r••~"• bom X•.J>t.y .cUft'tad'-'on •twUe .• , ia et ~. Cdlz Iay•r type·. :U. 

it t.rlgonal on a hexaaoQl i.~tlce 'Willll -. aina1• fo:nnuJ.a-·unU per ·,,n, and 

·the _.,._,, sNlup h P.Jml. The \m1t ·c·U dtmelialon• (a) •:ro: 
0 '• .. · ~' j 

~ =4. 895:t G.OOJ .A 
• . . 0 ' 

a.=J. 585± 0. 001 A . 

Th• etrl.tct"to i• abtrWn dlagt:am.ma:Uc..Uy la Fig. 1. Notite hl 

11g. J. (a). 1lfhi¢h .ls a ,.-oJ•~tton o.f po:ttlandt~• o-. (0001)~ ·t:M.t an.tat ' 

toa• &,§ in •••:ettl po1Ulou.•··OU tt.t•d. a..•• •Md1 ~W1p~<.-&Ue1 to the 

cry,~o~rrap>Jli~ t a:di. ~h ~alelum l.on 1• loca.t-.d a:t tn. c~u1h·• of u. ­ ' 

o~~d.J"oa torme4 by th• •• nQ.J'e•t hy4.-P_,l ~oQ,. pd fll• o~tahecbra 

•~"• ~oltMMt together Ia •beeta by bvtng hyd.rOlCJ'l. lOll• i'n eo~n. kth 

l!beftt ¢on.•1tt• ot thret p&.S'Illel.l•y•i• of ton~. '" e-tJc;i\Ui). lo"a lylns .m 
a daal• plA2te whldl it •udwt<:lled ktften two .layer• ot h)'d.t_.y1 lou•. 

The tbetf. u• ptle4 vel1ka.Uy upon ••ell ·ot)er .in.th• tl'y•ta.l. ,Stro• 

.te~t•q•t&tJ:e to'tte• hotel tog•th•::r t-be i()U within a: g1Ye.ft •lloet, while. 
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http:h)'d.t_.y1
http:c;.-u.at
http:peJ""n4.ie
http:grav!.ty
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• Ca at 0 

0 0 at +0.23c 

0 0 at -0.23c 

(a) Structure of Portlandite Projected on (0001) 
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(b) Structure of Portlandite Shmdng One Unit Cell of · 

the Hexagonal Lattice 

Fig. 1. The Crystal Structure of Portlandite 



only--~ V'Ul d•r Waals loi"<:AI act betwwt• the•••• ~~• a ecou.ut!ng to:~ 

$8 e-..y cl,a.va.ge betw•en ~Etm. 

1. $ ~revto\Ui ~ft~~~ntal Wo;rk · 

l'he II'Wl:4!'ral bi-·u.clto, ·M~(OH)2-, ill isomoYphoua WiUl po»tl;m.4Ue •. 

Accotd!ngly,.. th gener p~o~J"tt s c;:onne~t~ with -, tllc. ·sh•.uctu.re ~~ 'Qt: .· 

•pe.;t d to 'b neuly identical £or tbe tw (:ryatala- th sli ht differ n~~a . 

the p~c.e ot · 
the · ~lc;i\Utl ions in·podl ·ndhe. Bee uso ·•uc.h gen ral prop~rues are of. 

ton~ . *'"n her~. tt i.e advantageou. to dbcuss .~p.-~im~nt..U "f!V''rk on bath . 

btu¢it• t.nd poa-Uandite • . 

The :str\ict.U.r• to~ ·b~uche we,. worked out .almost .forty y~ta ago 

by Ambioit {4)t. u.sing X·ra:y .techniques . In ·the ea.-Iy thittie , Wega,:w (l) . 

uaod x... ray tn.efhof!e to o'bta.ln a~<:u~ate val~e f.or ~e .unit cell dbnoneiona 

an.d oxygen \)OSition a £or poJ~"tlan.d.it• ·and bttu<;it • It wa.s not ~s•i'ble .. t . 

that Utne to locat,e th.e hydl'ogen atQms by direct m.,thods, but B.ornai and 

:W.esaw>-(5). on the basis of aynunetry and e1t)c tl:'oatati(: (OnaideJ>a.Uona. 

p»opose4 ·that \11~ 0 -H boncle a.re pa~a.llel to-J:lte .£ axis [ ,ee Fig . l ~), 

whic:,h eb.()ws one u.nit o~U with the predi~t d hydl'ogcm. p.osttiona] . .B.~~ 

&lld Wegaw tuled. out the poeeib!Uty ot hydJ'O$en. bo~g between laye~• 
. 0 

be¢.all•e ot the la1:ge dieta.n.~e ·(about 3. 3 A• between n.ar4u1' oxygen atome 

in adjae4nt sheets . 

Recently. Ma,fa ud. Suthe~4nfi (6) made a deta.ile4 study of the 

tnbra:ted ab•orption. •pectrum of b:t:\141\o in the OH .. s\retab1ng J"eglon, ud 

four.ui Ul• epeetl'wn to b• ve~y complex between z. ,_.. and. 3. 5)-1- (5000 and 

2.850 c:m. ""1). On the baah of the Betnal-W•gaw mocld to~ \he bl'udt• 

http:o'bta.ln
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ab.u.ct\U"e, it wa. · thought that th J'~ should b only .one OH•atr~tching ~~d. 

'nea.Jt· i. 7 5 ~· .With only Jwo. hytUoxyl ions in th• lt!Ut <:ell, the OH no...,..l 

modes of the. c 11 ,-ould consist of only the iu•pbase ~d tlu• o.ut...of•ph.l.•e. . 
.. 

yJ.b~ationa~ Th~ fiiet aivea n,O 'n 
' t 

t cha:Qge in the dipole mcmen.t and is 
I . • 

I ~ ' ' . ' 

th.eref~l'" int1'&red l.Jladiv:e) 'hence the't ia only on• infl'.&.red..a.ctlve OH. · 
' • ' • - • • ' • • j 

Vibta.tion fnqu.en,:c:y. This band .should •ho• eomplete ol&rlzatlon, with 
• -· 1 ' t : ' 

the change in dtpoie ~moment -,a.'.ra.llel ·~o .th~ Saxis. J.f&ura and. 8'1thel"la.n4 
' ' ' ' ' ' I I ' 

fotm4 su.oh a band~ but obli.erved in it.s bnm·ediate ~ahbou.rhood. at lta•' 
' :' . '' 

1S oU\er banda wbi4h ahi'blt• a. v•rl•ty of polarization p~()'ferU•s. Jtx.. 
I ' ! l ' ; ' ·~ \ '• I I ' _- . r ' 

&mini . g the spectl·~ of' Mg(OD)z, they {oun4 th. co:mplq pattern o! 

banda to be shif ted by a ¢.o~ta«:t tae.tor (nea.dy_./Z) to longe~; wa.v~engths. 

They ~oncluded. thAt Q:loalt' of th~so bancl• ~u•t. t"~ptoetnt tru OH-dre•c:h.. 
. . ' . t l 

' ' 

~~ fu:ndamentalJI, not c.ombblatio • ·With low lattie fl' .qu,eneic i vol.Ving 
', • r 

~· magneslum io.n•., and hence that.~e \Uli~ ~ell JnU&* b~ muc:h lal."g•r tM.n 
. ' . . ' 

' .. 
d•d.\l~t•d fr"JJl X· ..ray awy•••· 'Mo'!l'eover. they eon~l~d.ed Utat tn. po1t.~· · 

tsaUon propeJti•• of the bands p . · eel tha.r Ser~ ua M'ga.w• • p:redi•Uon 
': f 

of th·e hydroge.n JO•iUoaa waa bleon--•c•· They .X• fteU tbat Uley h.t.d 
. ' 

cbunoliatrated W. m'lCh gre-.ter ·•ensitf:vity of thf!. int-.:at-e .· . ~od. COD\• 
. . 

par d to th.e s ... ra.y tn.ethod,· in decldln& a:bout th• poa!tiOl.U hydrogen 

a~am• !n ~ryttda. ·Beca.ll•• ~~tt. b.lio the •atn•..tm.t.t •truc.tu.~>;• 
' I 1 ' 

>\ I 

a. ru#!te. th• ~onclu:i · of~.. and Suth,fltlud..ahould apply to U .a• weU. 

,Petcb IUl:d. .M•g:aw (7) u:nd•rto.ok a, .tre... xa.mll1ation of' bl'u41te ud 

po~. by x;... t"at t:Mdlo4a. N~ evidt~• "'"found torr alJ.rgel' u:nit 

eeU in.eitll•r cty•tal, an.d th• ac~epted ~t. C:•U dim •Jloa · And. •P•~• 

sto\lp ..lr. ~~Qn.a~ed. Pot~h ~d Ut~a,r Ugtl.•d f\U!ther, mainly on 'be 

.. 
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stU~• p~ope>,,:~ :Py il~r~ ' ~d.¥•«•• -~· e~t"t~c~. ~o\lgh t.M.poc-- ­

sl})W..ty·at ~~~•tleal.ly ttl•o~O.lVed dupli\~o~~• of ~~ hy4rogta,.ato-* .. 
' " ~ ' ' ' ' • ' . ·. '. : ' ' . "'lol -, . ' • < ' ' • 

. ,W:*:': not. .l'~~d out •. / Pote,h..~~.o ~d•. aF .1.~-~~: -~IIJNlla.tit'Jtl ,ol Ul• . 

inf~•d u o~,U.~:u. · t- .~tU~~lt. :;u;.~ ~~-d .a :eo~~ *Pf>4t~~~ .·. 
' '-'• ·. . 

~ ' I ' • ' t 

· ~~~-· co ~t fo*d tn · b,u.~lte, by ~.. ~s.utbt~~~ ·Tb :&P~~·~t 

·-~~~~~Y ·bJ .t.at!,~-~:~~~• ~-~4 .~ i~u•d:~~~.~d by-~.,!\ 
• • l . ,. ' ~ . . ' . ,' ! 

X;·.~t,.Y ••~q~• . ·~~··•a ·~ .1\tw w•~•--t ~ ·~ .s~·r~:tu;.~., ot ~-t~· 
,,,lt:e ~: or."'t•. : · . .'!' , 

; 

'o ' ~ {' ' I ,, ' - I i • " 

1 • ; 
.Mol'• Jr.••Zl.Jly,

,, t,, ,_ 
·~~ 

, ; 
(8)

•i 
ittpo~td

· 
~l 

If, 
a atudy

I , • 
Q/. :pOjttJ;an4tte · 

" 
''· 

' 

~·ins ~ ·~tgo.J. c~UU~6ct . x -.:1'&,1, d#f~t••*Q•••~-~ and ·tllf. tedutt((Ut ol. ~•~ . 
.("o :•.F.J-: ttytt.th.••t• ga:... ttr~Plii o\14-ncaa •.alPJier:tmg Borul and ~e,pw• 11 

- • ! > • ' ; 

pt di·~J,tcm ~01, {he ~yd;os·~ postttQJ);S ~ ' . in aod.iu~~ BU·~ -.nd WU~hun• 

('~ .1oQJed th' p*otonts ~ ~#t.1dte by ~le~ ~eif;e rr;•ona.n~e ~ Tiloi~ 

·4a.a. .t•o ..~ 
'. 

~ort 
" 

Ule ll«rl'lll•Meg._w 
. ' 

xnodtl. 
1• • • \ 

)It :~e Uaht_()f tbS~ ,x.,._y arutllu•l~ ~~tlo l!••ou.a.a~ .or~. 

wAl"l.: u.,d $.~•rl8..nd ·et 0) .t,a~ried olt ~9mt .!~~, !~eli• wo~:k on: 
• ' -' ' ' ' • ' • ,I' ' ·'· ; ' 

~,·~t·•· ~~~t -~~d ~-.,~~~,.~ .ill .~~ . ~~m~t.u.r• o~ liq~4 ,id'h ~ 
trog,a, ~d.t'oun<l ·tQ.a~ many ~ot tht l~~Rqll~ balld:B .U.••PP~•d., ,

•ti- f. 1. , ' I ' . l 1 • , , ,· · • •, ' L .o ' · • 

,They~~· fil)~~•d. to .eoll(:l~•~: ,~ tQ~~~-~~U~n~o; ~ir .earU" 'onri-=~• 

tl:OJ1S ·~ t)$t. thoae ·~~~ u,~ ~fmt~..U~~;•'•~• ~~·tU:•C..~ afi•;~~ 

£rom ~·JIY' l#vtl• <l~ to ~. 0\ltt.e~•n.Jly 19W QH...ago~oll ~o~, 
• I ' . •. t ~ < >. ' • ' : • ' • ' • ~ ' ' • <, ' ' 

Mel 
• 
~.~• 

·; 
.,_etr~u:n ~-

• 
~·- ~»~, 1:n P-.~~Pl.• ...~ IM•t., Wi~OU:~ 

r ' . 

' ' 

invo~. • . la•i~~· ~t ~·U .~ . ~sins f!4•.eq~~\l:$ ,osttiou e,t .tlf.e. . . - . . . 

hydr~g~t~. ~~~ tXom tJaot• p;•opoatd liy .a,..~ :and *•••. ~r .t•o 
~~u<m...,- • •·nsut•tle.n 'by a.-.,.,~ l•t•t .t•~~ ))y u..,J:, .~ :DOw• 
(llh ._t &lowf·'"•qMa:c:y ttU,J;.~•ttol):" ol. thf ·oa ion mar ~ombtu. 'With 

http:�tleal.ly
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tk' "fib;r~on . to pJ'od-u:e U,e <:o~:pl" f.l:t.(J"~l'~ ·~~~a of f:lJ:~te pot-t­

ladl~e . ~-~ s~~lN1d,f~t ·~ -~~ 0 ••_rv.U . ' • low •:e:mperatue 

·e~rmecl tb1 • sutton. althol.lp ;tb.• f\iU ~.on. of th~ . ~ Jh·u.et'"'• . . . . ' ~ . ' . 

,,·~ Pf••otfd.~Y ~c~•:•~ 


~· . ~r q ..~•~ ,abo.-~· b~Vl«?~ ~ ~ ~Y••"~~ 

'1 

J.t~~~"' :~ po~ • , brud.t• ~:•m~·~~ ·~ ~~ .~ . A (Qll
• , •, • /, 1 , .I ' • ·' ~ ' ' 

•tudy ot tl.l• ~~v. ab~o~~ o( po~~·· . . . ' .requj;:r . ~ ora••.to 

~·~· 1ww cJo••ly fh• ·~,,~ .co.tn.-po~. ·witll ~~ of 1;»-'\U!I.te. A 
\ .. ' ' 

detatJ;•,d ,,um~..- ~: ~~~lHlr-&t~· -~~· .•• d••l.1t~·· m. the hope 

~ ~~'~: a ~-.,.- .. · , '~w't:ag .o! ,b:da-u a.Nor~on I.a. solid•, and. ln. 

partlc.ula.~:, of.ih me~em.. le~dt~ w ~ co~l~tr Of the Wn.r~ 

'>•r.• X•J;&Y. • infra.r~ r~•~J•• tb.f . val~ of. ~p.,:f<l tf6lllli'lU• •• an 

~4 !a. lo.~.~ .~~~o.a~ JlO•i~.- ~. o ~o, •-*~ doUbt, aDd (~6r 

~~~ ~'<l"J." ..*et ·~~~. ~· ~·~-. :\vit;h ~·•• cp.-idfJ'dOU ~ 
mind. ~- , ••n~ ~11 ~·Wid~$... . 

http:1;�-'\U!I.te
http:althol.lp
http:fib;r~on.to
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~§!YM~TA~ A;.,.Afi.A'IT1S .~D TECJPUQU" 

2., 1 T~ ,S!:!ml•.f 

~ll• po~tla:n4n~ •**Pl•• w•~• ob"W:tt•4 fro.~. ~ J.arse tJnsl• ~..,.. .. 

ta.l whk:h wu '·~"•»a•*"- );)y a. hyd••ttoa.of li.ftdte lC~;zSio~. by Pl.-~1•• •o:.­
o.• £. TU1•r~ Jlepertm..-t ot,·~ralogy :•d .P:etroiogy,, ea$bf't4se tt!U..- ­

v t .t•lty. 1'he oriaf#al t...,_w. -*·tA tlaf. tonu. of • heo&on.l ft1.•ntw:Uh 

th• *'l'Pt'Oldtnat• .U..en tcm., ), 5 ~ • J. J IJ'1m. ,~ 71:1Ul\. Yrom it :Dr. H. 

l£. J»e~ ¢l••~•ci ••vo:tal ~·•; abo\lt ·to..mle:rop tblek .tor ,b.d'fa.;red: wos:rk, 

... al•• pr-~puod •.ample,f. • .,..hf u.••d,fer~ ¥·t•y N11Llr•••· (7. a. 11). 

PorieJ!•d •a.ntp1ta fo..- tht,·.flltratY-•4 •orr~ .,.... -.4. ft-~m.• om:. of .tb4 "•· 

:Jn•t:nma t••smotlt•· 
l!le~&Q4l the buttvidu..I tt')'le.l . ~·• 4$4 i7-0t u ·vt ;e. •uftleie:ntly 


b.l'lt .cro•• ~ ••~ttoAII. *11'••• a ¢0l'a.JQ1tto stc;tlon waa _.._ ·'9 of ~l'ee 


Jtat••. 'l'h•y •~• ll'•• ~· s.._ pa~~· of Jb or,t~ cry:•tal; t-..o ot 

tla.em w.r• ~o~let• he•aou, uti UlfA ol;b;ea- •• a largo pr~on of a 


A.eog~~. Th• ottctqt ory•t-' ~ & aUght ri«lae al.oq -... « ~-· •da•• 

a« the ~••ul't*"-t f¥OJ•c.tto~ o~~;t ont col.'&~•:r of •~ W. ••~d.• mid• it 


•••Y co .&l'I'PJJt tm.m fl' ~ they bad Uw t4n't• orte».tatl~, •• •»wn 

u. Fla. l. n.·c,o~•lt-. ••ctlon. •• m~ee on.- a •'~l* •• ~Qi.Q;•tf<l 

.ta thfl fiau• ., ·Sine:• the ery•W:• ft:r~ plateel ve.ry ~lot• toseth.tr. the 

loDt'O,~ ~ ;t.U..t$.® 'Nbt• ~oul4 pu$ betwe•n the•wu MJUa1b1e. Tb.••• 
~·• ple.tet. ••~• u.a (o:t ...U tlt't 7~ t-.ptn..tt.~re WQ~k. 

~~ 

http:t-.ptn..tt
http:toseth.tr
http:QHAPl'P.li
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Fig. 2. Aligmnent of the Portlandite 

Crystal Plates in the Composite Section 



~l'Y bt the co~•• o! the Io• te-m,.,-atu:re .otk. the th.f•• 

piece• bee~ c;oy•Jr•<l 'With • whtte "-.;Lat whic~ J'e:n.d.e.rtd them almo•t 

· ,aq\Je to 'V'lai'ble "d. i.u!ll'u•d ".adt~on, A leak had develo~c:lln. the 

va.cuwu. c;haxnher in ~· tht c•ystala ._.,. tnouuted, Po•stbly water 
. . , 

~pour' elittted tlut ¢bambet ·~ eoU~ft 4 on, th• t..ry1t'lal1, · .an4 tator 

;eacte4 with~~= -.lten th•y Jttuntd. to room temper-.tue. 

Wott of tA• O}lt.«tM Uyer-' *'elrlQV.d by r\lbWAi tn• •u:rtace• ·. 

~~ ~ ei-r•W ~ttt .with ·-. .•lnll! ~·~.l..htJ.r br~~ tnobte:ud .in • paa~ 
of. Je..llelr I I ·'Wht~ ·~ qg•n -.4 h4t~Ch.lOS"Ob~di.ne ~ Th• crystals.) ·.-. ' 

re•to;r~d ..xm~.t eo ~i~ onsi:WU ct®.'Utla u.;cept fo'l' 10~ .~eclu.c• 
'r ·' 

tran•pa.-el\c:y. Thh :r•ductiol1 wa• c:au•~ by h &ncr..:•• in •ce.ttettits 

due lo the ~rr•gu1Adt1e•lett .Qa ~ t\lri•~•• ot the plat•• u a.rea""t of 

~' •eutlou P.d •·"'••-au..•t poUthmg t~e.li, A d\e~lt ~~ ~e. .wr-...•cl 
tpof:·t~\Ul1 &t .-ooxn t~pt:t•tu.r . .ad. at Uq~d a.lt tem~tatua. b.d.lca.t•d 

d:t.a~ fM .ab•o;:,ption 'proptl'tlea ••"• ·~~sed.~ 

On• o£ t.Jl. pi•(:e& ut•cl t,n th.- l'OOM temp."atur• WOI'k, ·aa.. p&ttf.d 

hea.fQit• 'W'I.I broke.a tn 'tb• p•oeee• of pC~JUeh.klg. It •• :.replaced il\ the 

c~poal~t ~•e.U.oa })y a plat• ob-•4 irolll ,• 41B•·r•nt ~t of U..e otlg!W 

crystal. Thi• ~·~• •• a ~omplete h61t&J01Sl but ha a hole near the 

·~enbe through wht~h ra4tatto:o. couJ.cl paae. The b.ole .,_. .~, how­
' 

•••", a,rtcl ·the increa•• tn t~aunV.••ton ftl not appr•Qiable . 

Tlle J)Owd.oreel •.._,,.. w•~• pl'epa.~ed by grindtns l.lia.f~t~;t• of 

r;>Jtt'Mcu..t• with a .-.umottal" Nlcl petJUe, ~0. au..t~s U\. he~f.l<li'oiJ\1~ ... 

-.dltae or a.u.jo1. Htsachlotrobuta.titu t• eaptcially well auited t~'-t~ l'\11'"' 

po••• for it u abzl-,)jl.t tru.pa,.;at iU the mc:nJt ~n.•Ul.tf ~t ot tbe p<.>Jrt.. 

t.:DcUt• •pec:tl'~: lJtem .$000 ·tO: l200 :¢nt) j;t bu :no ab•orpti n ~·~· an4 

http:n.�Ul.tf
http:h4t~Ch.lOS"Ob~di.ne
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1t:.rom 3&00' to 2 00 .CiJ1 ·• .it 4• cm,ty·a. t•w ••ak bu.d•. 

Thhi ••~...on• ot brucite w•rt ~leaVed lt:om a luge. naky 1l~Pn* 

p14f tound b.l4nc:-..te;r County. :P.,nn•ylvani:a, fo:r whb:h th, •utllo-., 'fll•~• 

to thank DJ". D. M. Sha.1'!,. Depa.rJ:men~ of G•ol.ogt; ·e~•tt~' Univ &-•lty, 

T~ ••eUona we·re a.ppro~t•ly 60 mic-.-o~ tldclt, Athough not •JJ: UAi ­

::.teJxa ·bl t;A.kkn••• •• tM . ~r:t:J.~~. »la;t•• ~: ~ the •• of poru.n4...A•· 

it•, a eofP.poslt• aec:tio~ ._ pte.-r d uthl.g ·tA~ru puc-f)a ot bruc;tte .mount­

;:c4 t!b by ai~ tn the •aM. ~. AccQ~~gly, the ·! axes of ~e p$.•~•• 
.. 

...... pal'alltal,.• bec:aulo the!:a:d• 1• pel'patJ.clf.o~t to tlle ctu~ge plan•• 
' ' l ~ . J ' ' 

in brucite, al f,n pO•tla~di~ . 1'h ~·• p(ec•• were il'.l'•g•~ btala&pt, 

pi nq •Itt~ w.• .,_4• to od•~t them wi~ eorr.etpo~g !. ue• ~­r· . 

aUel.• 

z.z :the.SJ!!Ctl', ~t•re . 
·ott of. ~e ·*P•ttl'• ·were obtabt._•d With • Perld.n.-~er :W.odel, 21. 

W:tu-.1 s etb"olJhot~e r: eq_utpped -.dth a 60°C.aFa:ptiam. It i• .• ·douht.­

,.-.ra, roo.,r<!lq; •.P•ctr~t~l' wt~ a tlu!rmoc:·ou.pl• ~~.-.ctol ~Ptd a N~rn•t 

g1ow4t.r 'Qil,~•· · ftc•~ tJf~••lon t .. rtcor4•d u aluneUc:m of wave· 

J.t~o,,.f both ·•utt& at ~.... . T}Je wav•um.bt:t .,a~, wat ul!blate<l by 

Q.'b,.' ~•pll•do abto~o• banda u a\a!ida~rd.•, •• w.U •• a<>mt ~~ 

and ammou!A bauda . Tht· •p•ch'Jil rpge w;t.th tht CaFa p t• . b 900 to 1200 

(lm"' l . 

Jro:v tho ape:e;t•a ob.bd.n.a in -~ Mc:lAlUS.&l:l Laborato)'y, Unive:t ­

eity Ql Tot·OJlto, a Petldn,•~r Uode1 liC lntrued. .$P41~boomete~ .ttb 

a 6Ct LU' priern,aud • tb•~ou.pla dttfC:to.- was ttmf!oyed. 'rh• Wrutd. 

$QU.<!~ wu a wat•t•eoo1•d globar, pd th• be.am.•• fo¢u8ed tlt•t oa.t:ll• 

••=l'k P then Ol;1 ~·· sptetrom.tt.•l' aUt• ))y mean• ot two lfoek ealt l•:u••·· 



lZ 


Th~ •l"tetl'OJneter W&!l con.neCi:te t a c.ond.nu us-dlu~ re.corde.:r wlddl 

gave a plot ol ·.tra.za.amisaion vs. wa.venu.mb4r. The latter .scale W&IJ not 

.Unear; • c:ha:rt, prepar in t.:he M.c;.Lenna.n. Laboratory u•ing atJnOapher­

-:lc and ~nia t.b8orption bp 1, •aa Wle to calibrate the s,_¢tr-.. 

The 'M e1 lZC is • 41ngle· beam inabwnent. -.nd henc• it was ne~••-

saf'Y t encl •• the entire pti~ateystem and nutsh it with dt-y nitrogen 

gu bl or«Utr to r•duce the ablol'ptlOa by atnu,.,Perlc W.t4U' vapoUr%'. 

Without £luhing, .~strong water~ between 4000 •d S500 em"'1 

would bv• oo•cuod the po~d.lte •pectrum bt t:Ut regi<*• With tht 

.ModellZC, ~e llpKtl"um of p<»:rU.cU.t• n• ttu.df.td in the r•gio.n frorn 

4100 to 1800 ern..l • 

·~· ·.~ 

.&•3 Th• Cg•t,al Mou.nts 

The c;ryatal holde,- •••ernbly fo• the room tem:pe:rat'"'e wot 

is shown actual st.z.e in Fig. S. The bac;k pt.te (E) b part of. the ,roU..t• 

,able e•U manu1actlU'e.d by l?erk!n·Elm.er for use with ~udr insh~untente; 

and t• maebbt•d ite•l. lt ftte into • e•ll holder ·in either bh:rn ot the 

•pectl"om.eter. The oth4tr . art• 1Ve;re ~e of b~•••· 'the crystal bolti­

-•r fttl down through the holes in the t-.o 'ttra.P:•t• (F), wbich are fast• 

entd to the baclc plate• wlth .AUeu acrewa (G). The hol4er 'WU n\&Chlneci 

t1:1 ro\&t• freely, and th• •••~bly wu mounted 011 the fp6Ctl'o1lne,ter with 

the axl.a of f'otaUon of the holde:r Vet'ti:caa.l~ A refer•nc:e Un. (H' ,vu cut 

bU;o the ~op 'bracket• ud ~· calibra,Uon ~b (A.) placed at ~· t~Qte:rh.ls 

C>n tbe holder a• ~~. 'l'be a14•• ot the 1Ut (B) whteh b uout amtn x 

10: mm bl •is~et a;re .~e-.edgedt th• h:ratt W,.ving bee11 :!Ued away at the 

back 10 ~tho holder can. be rottt..t-ed~$
0 

'Without pa-n of the>: beam t.brot~gh 

the. •~ple being ~ut o# by tb.e edge• of the elit . The cry1td platea ••r• 

http:t~Qte:rh.ls
http:l?erk!n�Elm.er
http:ttu.df.td
http:c.ond.nu
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(a) Crystal Holder (A, Calibration Marks; B, Slit; 

C, Pieces of Watch 1-E.inspringJ D, Brass mock) 

H 


(b) Holder Frame · (E, Back Plate; F, Brackets; 

G, Alien Screws; H, Reference Line) 

Fig. 3. Crystal M:>unt for Room Temperature vlork 
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mounted by Qvlng WO ~o-•ra h &gaUnlt fh• flat~• . of J:h• CJtYS­

~t.J :llold•s- by PI-•~•• of wtot¢h matup.dllg (C). l'lul. •ptin.g atdp.t. we:r• 

clarrlpCid at~ oncia y t-.o •mall Of.U* blocJU iD) • ..Web )lad aba.Uow 

gl'Oove• C~ ,tn tb.. ~ to hold tl\4. I'P.... mpoaf:tif.<>• al~g each .tel.. 

-ol the •UJ. 

FuU·••al•·Vl•_. of ~ 1o>W tem · ·~~·U u.ad with. thtt. 

MO(ltl 21 •~tctromtkr t.pt\MAI' jA Fig,. 4 , Tht' J;;·•U •• 4e•tgwad 

with •••bta.:uo• J'Tom Mr. T. H.t B.-ydtn. aa.d eout:ru.cte-4 (ll b:t."a.ea in t;Ae 

J.NllllliJ•.· . fhop, N~!bAtet' Utd.v4u;atty, E,;o ~ f()f tb.e •.tmAU~ _join 

..t .. t~. tba ~.. .J*rt ~) r>f tbe ••U b contpl•tely 1aolate4 .fr<>m 
, ..;· 

t\1• o\¢tl' ..us "by .e• ., cba;aitJe" wbich l• •fte'-.tect wh• the c:•U te in 

~·· Tb ~'bot' Q,._d.Ui (C} ~~ 1#, ·Pl• ctot•...••ttl<mN. vtow p-i'ovidet 

-. w.ewun a-.1 MM -~ two ~~t• of UJ.• ·~.U. 1trl1ldl. ~• he.lA to... 

a•thn by foUl' wechlu~ ,._.." ~. Two o~a• (DJ wue ~lac.-1 

~ ·at• lo'ft·., i)Nl to ~:taidt the; •P*ctl"oxn..-t.r DAJn tC) pattJ 'tAl"ou.gh, NUt 

Cd'l "trinclOWI.I of dimedetOJlff a'•!) ~ Jfi 9. 5 ~~ 1 tnlrl WN-• £aat--d 

o ~ ~m will\ Anatk®l t~. J! , ._ kelt plAt.~ ••·d•.ttpt4 to 

tit h\to tlw <e.U ho14etll of the .,_c*l'om.tel': wt~ lt th• J.a~bled eell 

wa.• h.td • ee\U'aly tnotlp.~~ u f\#tb•r· • . !pO~t. wu ne.ted.. The. c~ys-

,MI.ho14•:r CJ')', .Wdl it .-o't ah<M'll "' tlw flotlt mw, ·t•: --rnflat bt dtat_g.u 

to ·tU OM preY!ou..Jy des~blld• ..uh 'th.• "Y•W• .4.W ill pl.ac:• ov., a 

sl.U by·.a..t ple.c.•.e ol tplia;. D. "'*'• :fOUAd ~-~ J,ow.• ap~ clai:alp 1\ad 

~o· be l.tt aUpuy J;oos• to ~ lo7 tb• dUt"ct ~on ~oefff.d•t!• of 

~:raa:s and "'•~· Ttl• •prJl,lg ••lips ·contr""d l • thau.·~ bras• holct.J" 

~- .:;ooUaa, Ud,.U ·ClUSlp•tl UgbUy -.t llotll ~• . ,. tht'Y b.~·ed o~4. u4 

http:tAl"ou.gh
http:Q,._d.Ui
http:b:t."a.ea
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SECTION n-IROUuH ~ 
xx• 

X 

® Fig . 4. low Temperature Cell Used 

with the Model 21 Spectrometer ( A>Inner 

Cell ; B, Vacuum Chamber ; C, Rubber 0-ring; 

D, Window!> for Spec.trome+er Beam ; E, Bac.k 

Plate; F, Crysta I Holder ; G, Pivot Stud; H, 
Bra~~ Mac.hine Sc.rew ; J, Plastic. lnsula-\-or 

E 

BOTTOM VIEW 

' " 
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- -

pe~ttedthe crystals to allp out of osition. The holde.r pivot. 

the •tud (0), but fit• anugl:y enough tO·provtdf so·. thermal ¢Qat&ct 'be .. 

·tfte~t lh -'two ~t-~ lt b . h.,W .flJ"rnlY b. plaee by meant~ of a. •m.U 1-et 
I • •',_ ,, ' ' 

~" •• ·• -, ov.OJ~om l)~cl ~· .•~t to permi* the b.olcle:r t~ be·r • 

' Jailed ±4'0° J:hot.¢ the ~~ ed •• e~tb).s ql/. ).ri <4 th~ b~arn. · 
I ' ' ~ • ' • I 

out ·~oitgh 111\e.ite lntu.ll~"«>':•• (Q1e ot ·wht£h, -J * i. '~mthe froat \'leT(; 

.AJtm$t:r~.ng1;~~ ·waa~ t~aed to ta•t•~- tbe wtret U.d 'insulat~Jr8 in.fla~• 
. ' . - . ! 

and to pro'rid' '*• V&C\\l,Un sw. Aft~JJ' dut.m:ber B .lutd • · eVll.(:u.e.te4, • 
I ) \ . , 

coolant \l®, as Uq\d"<l at• wa•·: po~ed into A. th~~~Y c04U,:ng ta.·b'ra••· 


bold.ioJt' b4 mo1111t e.ry•W•. Teat. .-~e mM\e With the the.nnotouple 


pla.ee · .IJl th1:ee dlt~•~tnt pQIIJitloJlof over ~· leagth of ·the 1Ut, ~·the 
. . 

t«un .et"atu:re tfl!'adlu.t ·wa• ~oun~ t~ be n..eglJ.gt~le. Ttm~ratue lll-••· 
(¢emeJtt• <tub11 ·the eou:ree of the W:tatecl ·wol'k w•:r• ·taken with ·the th·el'•o• 

couple tast• .J,n.t.h• ~.mJr.t po•ttt•.. 
' . . 

:tor ~.$n'l.p~ra.,t\Q"es·d.oWJ1 to abo~ 4°K• the c;ry1ta11 were mo~t _ 

ln a liquid heJ!um, .: ~ryoslf,t~ The e.U: aM ,b,Qlder l.or da.e purp;>.ae:al:e' •lloWJt 

ht .Fts;. $. · Tht ¢ell ) wa.• ~- · f pyru glt.a'•• u.d •ap-pbiJ-e'tidn«low (B), 

1t UU:~•• .ln d.ial.n.e.tu by 1 ~ tltick, • ·••• faftued in p~evitth uald.ite 

cem~t. Thte ~qratal h9ldti' ((;), •fmthu.· to tbe other two in pr4'u:l:ple, i• 
1 , , 'I, 

•old•r~ to c . . a. f-;~ ~g tube~. The t~Pl!'lng ltript a~e not thown. 
.. ' 

Tht t®• .and lde~ "'•'• kept central $.n tli• gla•• *'W>e by 'tlf9 1\J.Clte bu.~-

' ' (· ' ... 

rn ane of a .m:an, ·ll~-. • .m~hllu •cr•w (H). .ad the .t;wo le6d• ,.*'­•brought
... ' t' 

~ ' . .. . 

http:d.ial.n.e.tu
http:purp;>.ae
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H 

J 

F 

D-+--r 

G 

B B 

Fig. 5. ·Cell and Crystal Holder for the Liquid 

Helium Work (A, Pyrex Cell; B, Sapphire Windows; c, 
Crystal Holder; D, Monel Tube; E, Incite Bushing; F, 

Scotch Electrical Tape; G, Brass Machine Screw; H, Brass 

Fitting; J, Kovar Terminal) 



iu.gl {E) of the form shown in the figlll"O, 'l'he no.tdl $,$ 'for tll~rm~ouple 

lead~~ and. ,U1• holes ~te to pennlt hyd~ogen gas .to p ss do~ th tube 

to the .:::.U a~ tJ:w, 'bott.om. ·nu~ bus~g.a we~• -.¢b. ~ept :froPl~Jltdtni ul' 

OT do'WD th ~ul>.e by two *bin s$d .s of Seot¢h ele-ct~1~ ~p (F) WO&:qld 

a:rotJud tho ~~e f.o1r • f;oupl of tutn:s-• . a.s eho~ in the iJout ~ew. A 

~oppor ...c~•taatan. therm.o.eoupl ·wu ta.~~•d to th . c:ryatal holder by 

:m.«ana -of O, th~ e;rfr?F hol~ng tilt ~op PJ'ing clanl.-p, ~d th' lead$ • • r• 

b.-ou.ght out. ~-ough H, Uu~ l>Ja~~ tt~~ ~sbown in ~l.'i>~s $tJC'tioah by 

m~an . o( two kov.aJ" s~als. on• ot .W..c.:ll ts -bo"'U {J), li w.s tin,ec:~ ave~' 

t.h e~d q£ til.• glass tu.'b• an4 fast~•d ·'W~Jb ~k se~ wax. aft•~· ·tht 

tub4e ha4 b•en m.ouuied in. *• '>1•• top W ,e fA) of Fig" :6. 

In Fig . 6, a ~ross•s•~tto~ vt•w of ·the Uql#d heUum eryo,e~t 

t·• ah-0\1m.. Th-. o~• of thf c*'y&31 <:ell J.• slt•teb-' ·~o tnrlt~-.t• its ~..- .. 

slti.on in the ~ryostat . B is t1 JtQ~ metal...to;;.slue ;ae»J jQJ.JJlng the m~ 

'~op ~o tk• py:l'Q body of the c....,ost:at . 'l'~ l)ee.m can pa$s t:hvou.gll t11.e 

o~ostat by' mean.s of. r·odt.salt windows (C)~ ~i hldleet in dlaxru~t•r by 

~ ineh t.hic; ~d sa.ppi\hte wb.ldows {D). l 1~eh bl dbune'u l>y l mm tb.iclt, 

wl.\leh ar:t (a.st;-.ud. in pJae~ 'With ~ald.lt~ c=ement. The •~®•.re dtsi~ .. 

·' n.a.ted. by S ar• permanently Vt~.ca~~t•d .. Ru,bbeJ" Q... rings ~t ~.silttm.s J', 

G!J .nd li' ~ovid~ a$rtlsh.t apls ~ee.u ~ _~o . pt.:rt ol. tO.• ap:pa­

,_JfNalf ... Th·• ~wst~ •t,r·e. i'otatied '\lltlthou.J b.r•Bldng :NJ.y ol the sule by 

loos·.mn sUgb.tly .th'e, lmll!'lod nu.t U) wWdl -.n. p~eas@.e on the O• rh,l · 

It J',. and tbtn "otla~i ~- • . :;,t'i~e ca:yGtal e•ll tb.J'o~h the .t"~q~~•d M!A'•• 

. Thli J.lu.t s th.en Ught~l.lit,d ag~. 

!'h& oqt~ d~w-.r fi:allk -.aa ltepj; tUlod v4tb. Uq\llr:l Nr .(E)~ Tb• 

c;ryostat wa.s. pre•eOQl•d .fot a £ew ho~s befor~ liquid ~ell·um was lntro­

mailto:p~eas@.e
http:loos�.mn
http:a.st;-.ud
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Fig. 6. The Liquid Helium 

Cryostat (A, Top Plate; B, Kovar 

Metal-to-Glass Seal; C, Rock Salt 

Windm-1s; D, Sapphire Windows; E, 

Permanent _Vacuum Chamber; F, G, H, 

Thlbber 0-R:i.ngs; J, Knurled Nut; K, 

Dewar Flask; L, Vacuum Line; M, 

Vacuum Line and Hydrogen Supply 

Line; N, Helium Return Line; 0, 

Opening for Helium Delivery Tube; 

P, Level of Liquid Helium) 

c D 

p 

c 



zo 

du.~e4. To !ll ur that no ·water va.poul' cond.eus~ ot ery talll~ed in the 

yeJexn, the c1ystal ~ell and th ·CJOYOstat ·wete .kept .v.aeu.at · ~ro~ 

Ux\o$ Land M reepe<t'~·vely. A tew spect~ W$11• obta.bied duriq the pr•­

~ooling ~riod • 

.Before Uquid beU\un w~s u.t tn~o 'he ~ryostat., line L was closed 

and the helium r t\U'n li:Q.e (N) open c. ~ pel'mit the <=+V.oeb:t ~o .fUl 'With . 

h•llu:m. gae at; attnospl)~dc !JT"SUJ;'e. 'lht c.tl waa k~t evac~ted ia 

o~d4l.J" to l"ed.uc~ ·~be ·~rmal shoe.~ to the. cryet~ ~·Mm th-e JJqqJ.fi ·hel-

1\JXB l,b-a .~ ~teJe.d tht ~l'JOSta~. Th~; Uqu.t-4 helium was t~ane;f~I'J"e<i f.-rom 

.it~; containe7." by meantr of a double. ..waJJ,c:l metal tu~ -~eh fits: thJ'OUgh 

an op~ {0) .ln th-. ,top ,tate and down UJto tt.~ b ttom of th~ cryostat • 

.Aft~ the c.a:'ycs~ bad bo•u. Ulle4 to the lev-~ (J?) shown bl fig. 9., tbe.. 

~~ansfec~ fub• <was temov Pd tile, olM'Uiq ~~·top plat• sealf(L wlth a :..·'· ·· 

rvbber stoppel'. J\t&. ttt• .heUuxn boUed ofi, it lt•tu.m.ed to th_. .liqu:W.tl' 

thl"ough. the h~Uum, :rot~ U.tu~.: <;ooUns th~ walls oi. t.b.•. pysex -~;:eU as 1~ 

pass•4 by. SeY"'~aJ ,spo~trc4 ~\Ul$ were ~de fUl tb~ crystal• el9wly · . ­

c.ool•d. To- atRiin. VG"Y low ~em.pe:rat~es.. 4ry hydtog.~ ga. .wu introdJ.l,Ced 

into th• ef:ll t..t~ imptove tho~ ~~rmal C:QU~cl :bt.twe•n ~:e ·waUs «>f tbe c~s 

qd. ~he· uy11W.s . Th~ tt~ml'e.. :turo en·th.t c:·ell wa;$ co:o.t)'oU~d by an .et~­

tJ'!~ h•at•l' which 'Wa$ SUI;f~ded ·closet l:he bottom of the C:ryos~. m­
·Cl"eASiug the. n.a~er <:u~tnt c;aus~d th~ heUum ~o boil mol'.e ~ap&:dly, and 

the ~i!ea.&•d flow of ¢·old gas p st the ~ell ~us¢ g:ree..teJ" coo~s· The-~e 
\ .. 

'w.ec(h ,as.,~, a iew 'tunt• ot ~t · ~ ·w£lre·-wo®Ji aroWld th~ J;:•U ~ ease lt 

wt;fJ ~~ee ' s~ ~ ta!se i~s tern,puat '~e .~ly q\itd4y. n. fo"-'"' J~ from. 

the ~atel"-s w~1·e br<>t.tght out of.fb..e ~ryo>S~at by ~ans ot three kovat" tel": ­

mtnala on the top plate. 

http:lt�tu.m.ed
http:v.aeu.at


2,1 

~ :th•fin.Qcou,plo ..pr:o~:e\1 good tentpera-.l"• down to :uqutd aJ.7 

~•mpe;ratlq,• .• )Sd,QW tha:t; aq tho natt.J."·:p rt ct.~~ VS. ·:t~a.;; 

ture ·Clll"¥• -wa l'~~d. t11.• d•t•r~ons b:eeame lee:.s .a~ut"a~e. At 

lt~peratu;~es klow 20°K, ho~Vt\f, aoJ!l'e of 'the hl~Og#U.whit,;.h ,had 

be$1..~.~(Jdq,~·d b'lto ~ een ltq~~d at. th• hot.f;o~ a#tl th·~ temp~ratu•• 

w-a$ <l~~~~~d aeeuratdy by m~asu)tj.us th-. hydro~~n va:ru)tU' pr~~e.au.¥t 

.(1 S) . ~b.e 'uns at.l~~at ·ten;. ~1'·a.tttwt •t<t~ mad~ with h.ydrog~n so.Ud~ 

ftiod ;a:t tlte bottom G" the ~~u1 th• arnt:>\Ult mth~ ¢c11 "W'a8 adj~teti ~JAtU 

tu ;~sUd .hald~l" Wll• •.:r;ttnu~~~cd jn $0~ h.ycltogtn ~o a lev~ .JU41t b:tiol.V 

~t..ot UJ.•. e,rylltals• ..thea ·•ssutblt ~~ ~l"fstal$ Wfr't at a t'tJmp·t.;a.t•• 

velty 'lost t.o that Qt ·the sol$d·hyd:r,ogtn. 

a.4 ~'!?!'-!!!!): . ~~~f~• 

Tao poliutf.•e.-.; mA.n\#a$l\\.rM. by PeJ"kitl.- Elm..,., QCA~ista of •a 
. . 

~ · ozo..~ A.jCl platee enc:los•d ,%4- a b$lU!IUt• ~·~·• U<l a W:Jdi'*' trindow 
, ( . 

of }llaC1 ,to qom~ne·ate fotr ~- lattl"al shU~ Ql ·the bea;n by ~- plat••· 

Thi ori._t-.Uo:a, of tae polRleAiir .-..lie vaned. tb.t'O'Jll :t9Qo oa a •~af.• 


-k.-1 b 10° iflto.-val.a . Tr-ans1J\\t.s•ton over the spe~·tAl t'•glon s~\l(i.:.. 

' ... 

· 1~,4 ta abo~ JO~. 

:rrol" s.tt.Ut~s ~~~ m~••: e.am.plee·, Per)j;a-.JQm•r dom.ou:ntabte 
' . ,. ', ~ 

cell$.w:•r• 1011~, wlt:k :two c~2 •40ws~ .tin• ·~4lam.•-t:r by l rtm1 


Wc:k.. The. wfndO'\Vt ~We. lleid ~tween. two tn.etat pW·es ~dl. a~• -.gat ... 

p . 'tog~ 'liiy fO\J.r AU~ sero•-s, Th.t •~pte *-• pll.c. · hetw.- ·the 

. ~owe. ~ad apac•~'• cJta t:t•. l$td to ~y ~At tam,J.~ thl~t•s• lnl.t 

J•ocl •p~:ra we"• o~n•d ·-.1t~J.ou.i a •l*~••. A •MAU &m.QUU~ of ,the 

mulleA aittl\ple was. ••d~ Md ~·the wi».tiQ¥.ra'W•J'• fqu.••~.U togetllef', 

http:mA.n\#a$l\\.rM
http:m~asu)tj.us


i~ spread o~t .to io:rJn . layel' of UDUarm thickness. 

As rncmti()J). ead.ter, the alit actoss ~eb the crystal plato• we:re 

oun:t . _ w .s only a mmx 10 mm. At tbe position in •W~h .th~· e~es were 

pla.c. r ho ev•r• t)1~ beam dimen&i<ms of ·the odel aJ ep ctrometer ar~ 

about 6 nun x 19 rJ:Wt. Th•r• t.s · optical balance -eonh·ol eonslsting of a 

c'Ontb with we g,..al).a t.-th which -can be moY'e<l in aJld. out the ample 

b.-m, but :!t Wll.8 d.eslrabie 4:o ma.Jn~a$n the- bal~a ~ontrol ·Close to the tully 

o~etl pq$lt.ion in. or4er that most of the ~a . atton wbt sed th·rou.gh the 

G~l. . iWOdld r'e. ·eh th• detCtCtot'. tt -.a UtftS&'Y._ tbereio;re, to provic;Ie 

coJXipensation ·in tbe·ref•r~ ·btJla.m so that the J.nt~sit,les ot the two be~ 

would. b.e ppr·o~tcely eq~. For this purpose. ~boa~ dl.aks ..tth slit 

ot · J."~g \ridtb• or• \1'S~ . For 't'aeA a.ugle at ·.· Web the ~rystal holder wa~ 

B•t• a ~9mp• ato:r Ae.:rill.g a . Ut wld~ appr~t.,_y q~ to @At of thf ef:;~ 

i~tiv~ wi;c.Ull o( the·Ml~~r slit was ~•d. .A dell'loumabl·f ~;ell wa~& eMployed to 

m.oJ,m~ the di· k .1-u lh•·~tt•~en.c:• beam. 

A. d~o~a.'bl• ~•U was alao uet,d. to hold & t;o:rn,pensatb).g ~~ to-, 


lls• With. tlte. liqUid d; :•ppeurN.U.iih -.$ W\Ut)!!'-*•d in i'ig. ? . Th• 5 mm tl'Uek 


.c~ ~o• ~J. were pl~• · at *he •d.s ot a abort, l>Na.s 4;yUnde~ (B) 


Jt~t.O 'With a hoe• ¢:0M•~on so that it ~outd be ·twU~ • Rub:QtJ~ ·wa~he;r• 


(C) p.-off.d• u tb,• aK• .a · ~y a: b.-.. tA• w$.w10W8 aJ;Ut tb.e base ~yUnQer . 

TO.•·ass bly was bld 't.og•lb.•J' betw•N.L tb• rn•tal :plat•• (D) .of. 'tb• dem.o®f; ... 

-.Ma c;CU; •atng l {- ixu:h, ·c;t"~ws. in pl; ce; Cti :tQ.o i~ ,AUe e., .• ,. ao~a.Uy 

~oye.d.. Thf ,tQtal. ·~ath lenglh of .U.., evac:ut~ tompensa~ .e.,_l wae ap :-­

proldn:tately 	 qual to ~at oi tb.ollq~d. all"~ · u~ ll.enu ~lnO~•Vi.e • fiQ:rptlon 

r•m•tn~a almoet q\lal. m.the JWo b~. A .s . ,lt, ~a;rdbo"4 .QJ..-. , E, was · 

http:th�rou.gh
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Section through XX 1 

Fig. 7. Compensating Cell :for Use. with the low 

Temperature Cell (A, CaF2 lrlindows; B, Brass Chamber; 

C, Rubber ~'lashers; D, Demountable Cell Plates; E, Card­

board Disk; F, Slit) 



hlcor · r.a;ted ill the cell. ''l"he .. th ot the slit ). 

simply by ,g.,mg ta~. 

'nl• thennoco •• ~.Wed Vlltb : e low ·te:clpetil~~U:e 
a · o£ · · · · 

J,JJ.i\l~ «A~d.ngle atr ,.fZ3 copper wir.e anct few . atr~de of ·f~B c.Q JJt 
' ' ' ' ' . 

:re (~ . . the ·cue at the liquid · r cen, . tbrM in the ~~· the 
I' •' 

~ 1.••..,. 
ere mad.e hy t.l:le <electrie...are . tbod 

, • I' I ' 

' . 

· ..ect 
' ' ~ ~ 

' , ' I . .~ 

q.rbon. ~Cd '\1Uhielt •a• ~U!).te on. . 
,' ', ' ' . 

·"W to' tb.e end or :the Wil'~~.... QJ."i. '$11.' 


fo·rme , l the cop · r aNI co ~ant : W!lrea t e . e:r . 


ln the e eof the li .. d . ~ cell, th~ c:~bl:otu 1 fr . the •, ':·· 

J .. c:ti~ on the cry11 holde~ ·. • • bro~a~ht oot .flU' Q:g.h the Jacket the c~U 

to the- rete~ t:e 1 , ctJ• Without .intttz:.-u: .Olit. ·in~ r~erence Jt.mtti · · ·• 
; ~ ' I I 

•cloQcl in a. Ju• tube bleb Wl!tJJ eub .. 11'1ed mtee -water. Tlte coppel" 

le · f·r ·the two j-.ctton• w""e c ·ected to the tq.tl . ter. 

' . 

pa...... 

JfatU# we.:re 

.mtnal. 



- -

...........-..p\Jttbe 

_ 1"'0~ 


' ' 
1· • · A• with ~o UqiM14 ·~ ·- ~us., Ut• l'tle,e.nc~, J~ti , . - _ 

' . 
lbmtt•t• · tn tee- ·_ t~'l', :8#4~tU!att.. · u• ·.- ·. **lead• wbfre 

~eeessa~• . 

n •. ;,®~01 . t~r -· ~ ,l.;~ 

' ' 

mi~7<W'4lt.s }ler· tntn ·•t.al•~W.d • 

. Th• thonn ou; le w.r, . ~bl'At tl:t~ ·~•r 

·1rt ~-· S.ed itlt'11 : thfl bt <>f.,.el'~~ (-JI. 9b). tM-. 

·~ug~$ ·Qf ~ (•U6. !JC) , d ·U. ~U. . in.t ~ exyg~n (-1 ) . oC) . 

Wj;tb ~· • • t~•• poW• a ~aU. •• . . curv. o1 til.~ · - v • ~ -~-

.~ur:' e:-•• dlawtlt' -. -*• :· ~ ·· ·.... a ~·~v• ott«l .I'# m tnJlcd . v • 
" t~atu.e nl».e:t lven 'by$,cott (l6). D~ to • 1. C, t · l'l.~lU''At 

vall.t••• · ~~· ,e· . · tct h• ~c~at - \t4t¥a. • · l'h . Bf low ·tbat 
' ' 

~~t'atute , (ht DMC~tftsat'f tJ.dra . · . -¢ . . . ~ the tlattenu~g 

-

http:l'tle,e.nc


C~.PTE~ 111 

~EBJ),U£~TA;L -~$p-~TS .JUQ). DI$€:Y§!lON 

3. l SnctJ:a ·()btaihed ~ ~O~ll;\ :.t::~R!~4~-~e. ·"N;tth t1J,J.po!!£!~ .~attqn 

n . ,,ectr\UJ'i (for 'the,.,••100-1800 en~:·• l) of po:rtlaAdtte pow... 

4eJr mull _ .ln. be-.ehlcn:c;,l>\ltadieu l• eh.own in 7ft g. - · ~the~ feet • 

t\\l"e is very tnt•u"• abJ:otptf,QJ:tltatlci -e~trfJd at J6:&0 em.· l . Th~ ordi­

.:.J'la.te to~ J;bla and ·mut of tb.e .foll~s pectJ'; it pet-cent trana!lllsei<m. 

Tbf eQd~ .l J.£n-.~. but .,_o,-ded ...X~• of tr lfml•e$-on va:ry <;on,sider• 

bly-with o ·r~ c<mditJons, :m;kbt . 1t dU'tic:uli -t.o afsi .. ab . ol~e val­

tttt • ~ v•tical axis. ·ther-or.f, l J,Ult cetibrated. Although. t:b.~re. may 

be ..Qm.e -r•O.tx¢U:ou )y ·the mpl_,, lJ ' • a.au1lP'l\-.l thl\t 4ecr_..,. ill tr_,... 

~-~~- a.r~ du. pd~d.pllly tQ. ab•o~oa. -.4 ~ thtt ~ .appearin bl 
\ 

~_, fP*¢tR ue ·•'bso~d..cm ·· Mi...-~.. . 

F or ·.U i~th•:r w~• oa portllQldite, -Ule ~~po .ite 11.et~Jon of 

-~ platea ft8_·~ted. i'f.g . 9 •how• how the spect~t#n (ove;r the ¥ange 

41. 00~~~00 <Om "" I) dulase11 q If, the angle, bts~ea tbe c~y .'t=JlilgrapW.c S, 

~· t:h.~ im:ldeat beam, _tacr•••• · The a:nsl~ ~ t•W"•tre.te4 in 

FlJ. lO{aJ. a~e the.Pd.,..~ Qf •ad!ation at the cilete.c:toJt d.~e,eu 

•• cp bsame greatet (tor the ~ea.~ dUcu ael oa Pas~• tl U4 Ja) th"' 

,p~~JU~~· b•caxn• .le• llh.al'ply 4efin;$l. For l'le~ ·· · u.cblj .tb,o 
ofabsa~tion . . ·~ . 1 . 

..~...a.. the ~_.ny"of ·Ute 1J~oa4 b~JD4 b1 tlt• 4000-3800 em:• :regt.Qn f:ol" 

If;_ 0 ° · ··• l1te4 u *Jtaa4ard, · - the vertical•cales Ott a~eudh».g •feet»a. 

·atJS».iecl .af 1\ecesEJ-.~ to ~v~ ·t:be pn!\e peak h~t. Anbou.gh the ~()~d.\U"e 

1.6 
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4ooo 3500 !ooo 

Fig. 8. Infrared Spectrwn of Port­

landite Powder Mllled in Hexachlorobuta­

diene 

<p :: 2.0 0 

Jfooo o!ioo 

!: 
0 
·,; 
tl 

4ooo 3!Soo 4ooo 35oo 

Fig. 9 • Infrared Spectra of Portlandite at Room Tempera­

ture with Unpol arized Radiation and Various Orientations of the 

Crystallographic c axis 
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~-------T------------~~--~-------- ~ident Beam 
I 

I 

I 

I 
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t 

(a) Top View of the Sample 

[1oTo] 

E 

(b ) View of the Sample looking in the Directi on of 

the Incident Radiation 

Fig . 10. Orientati on of the Crystallographic ~.Axis 

and of t he E Vector of the ~ident Radiation 



mt.Y not be tl&lly ju.Wlect. later ~rk in cate4 that tb~'fe 1-• little or no 

change iu tbe hU:eos'lty of tbi• ·~. over the r · e of o:rlentat employed. 

The o.uly a-p . eltt change tn this ·•eriu ••· in tbe band .at '3650 em.·1 wb!dl 

had minimum tnt-.lty when 'f was t~Sero, atl . greatly tnere -e · ill inteJ18ity 

$.8 wincl!'eas , tlla.t is, a• th" c -.. 'b~am.e more n.ady . rallel to tbe
T """ . 

ptan., eontaintnr the •lec'td.c 'Yilu.~ tton• of the lncid.eJ!l ~adiation. 
-' 

The apectr• of Fi • 9 eate why th.e 3650 em..1 · · · _ p.-edom• 

~·• ~ the o·~ct:run of r ·ed. JlOrtlancU.te. F•om ·the great !n:cl'e••e 

:in th·e ircltenslty of~- b - . a " inot-ea.s·ea, it ·~u· 'that when the optbnw:n 

orte11tation for tbts. bud is r-.ched (<p = 90°), lts ~eil.S.itf "f/U1 be m~h 

gr.ateao tAa.n.that of •the &,~- band• tn ~· put of th~: •pec,ru.xn. In otllet 

wo . -., if the c a.xi <were- _ r~cular to the cltrectlou f the inclclent- -

radi:atic>n, the 3650 -cm.- l b~ Y~GM!d ~e ~-cl11'JU)re ~· ·the others. 

In a ~- · cunplo con ~Y small particle• of · rtlaadite with 

tQ.dom. QrletJ.tation of tiles. ads; tberllifor-e, it could b• ~t that the 

3650 em·1 . wo~cl be q\dte Jtl' · · , a lrtJ• . eshows . 

Sb;ace the obJ·ect of ·U... above atu4y wu to a.aceJ."tain the .seneral 

ch#..-a,et'er of ~e •pc~~wn ± room tem:peJ"'atu.te, th~ •pec:tr. Ur wa.a 

~rated . low l'e•olutio.n . o~eJ' to permit .a hlghef cannJns apee • 

AU tw:the ._ rk was do. ~ wl~ ,high rtaoluttons. )A.ost ol. the ~r$mental 

·worlt , , •• with the, Mo46l Zl ~ " etr<)metel' equi ped. ·with · . CaFz prism, 

hence ~ . pec~ro•<;oplc equipment w!U ot U.•U#lly 1>e aU ed exce : l~ 
-the 

the ;rpectra "l:ttdtle with"other eqt.d.~ent. 

'·a-~astr .o~~ aiROfJ7;!1 T~e~e. ~l:b. Jarued: JJ:aehtt;!of 
Tb _&Qeq~ou •·~trW¥1 tu pota:r"'o4 n.diat;to od -.til 

http:tem:peJ"'atu.te
http:�pec,ru.xn
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and 40°. 
~·~ taJ. -O,l'i«~:Ola.tlQIW .ot ~= 0 ° , Z<t '"At euh of·C;hue. O.l"i..Q.U . th•! 
vecto..v'Was rote.te4#; iq1 ~ ·. ~qo\1,111 ·~\t~r:v• ·fd.f'Ji;_e =Oo, ,oo.60°, 90~, 

' ' 

12.0°, e.u lSOo. ere9)1tb4 ' )A~.. ~ [ 10}0] · rOdi.on 

.tlle ! . VMtor. ,~~ · . ~e ••· Ul~~~at . ~ Fi • I0 (}>). 

Th.b It :v h'~Y. d~®$\~ t ~· e. ~pl riu.don
' 

._ _ .•"' 

· .. ..,1blloc:l . . 
()i the 36SO ~ A• bu.~ !'•vealed .· 0 .f~tb.e• ot...nzatt . ~J;"..e m the 

, .pe.ctium of ·rt~tt a~ ~o®t t•ntp"'at\Q' . ~..-•;r -tb~ b ·• · ~~• 

~u4lt4. SiJme. .t Jb..~ ·~ch'a, h-om 4l 0 t · ·3000j:m"'1, a~• W>~ tn ..· • 

ll . !"or t1d ·•tt!·tr, ~ wa ~ems~ t .ZOo, ~e · q. 0 °, 30°, 40°. ud 

~o in t"*· ~- ~~P~". d~. -~e•o ~~~J!a, .omo Cij~~~ -~ •ad,,fo:r 

· o.v.:t~.all .• .tn t.-.a.m:latton 'Which occ:utre.d wh~ tb•·ori.cntaUon of tbe 

polArize~ · . • va~e4• .bl ·t;bi· 1erl~1 ~ b&ncl at i6aO cm·l •P:Pe•~•~ Wi"" it• 
t • ' ' ' -, 0 ' I 

hltcaatty f.Ac.r .· ·~ •• e~J:eaaes ·unw it reacJu•.• ' ~when 6 ;_90°. 

. 1!111 a = 90°, .s lie.t .~ •• p~ '4eftlle4 by tbe c:·ixi• and ~· mcitlttn~ boanl• 
' . '""""""'" . ' ~~ . ' 

~- ~om.~-*· ~ ,!1)..tbf. ·dir.-ctl.-.. of !! tlJ.e~~QJ.'e, will thea be • maxittuun 
' . . ~ 

lbr the 4Jl"ie • ThCJ s~t:r• .fo:r 6 =15f. and 180" are.~ot ah:own, fO.:r they are 

tlie· same &a 'tho'e tot .60° •d 30° :r~s~d-vely . ~e 'int _sity of th·cs ~650 cnn.. l 
' 

band *• a Jl)'i,dm\IJlt."Wh,ltA e == '90". ~ . "tQ••• *1lnmetrltaUy .a. e chansea 
l\t\ 0 " 0 ' i 0

from "'IV to . • or f~om 90 to· "' 0 • · 
\ '' ' 

. ~ne· w.-tt, i#d. fhtO»,Jly . 4troctt~ chauet•a: 91 the ,,.0 ~m.-l. 
' ' ' 

b~P:Ul ate f~tller em:p:,.&· ized.ltf 'cOm.pari-.0»,.o{~ ~:pectn. 'Mth polar.iz 

-Md. w;.pola~ · ~t.l~ .; f the- .~•. :O.t~~~ttou m th• ample. .As ~Uld 

be·;·eXPcict.ea.. ;the tnten.ity" this b· . ' : :r~iative tc the other• is ~~ sr .t• 

or ·Q:a.. _· •o&.ri.c a_ c~~ :tOS' & :::: 9o t.D. Fis. 11 ~u :ls tor the un­

pola.~~e .. apeet~ .in .Fl .• 9 (<p"' ao·o). Witb. ·~· 'b ~ . l.ari8ed; :the 

http:be�;�eXPcict.ea
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Fig. 11 . Infrared Spectra of Portlandite with Cf = 20°, _ 
Polarized Radiation, and Various Values of 9 



1so~ro c Yibr ·tiona and fhe. 3650.em- 1 vibration each absorb a certaln 

proportion of the i ··dent r cUation. When the beam is polarized and the 

electric v~tor of tbe ~adiatio~ Uea in the,.,., directlon ~which ~the 365.0 em-l 
. .... 

ribr tjOJl is rn~UJt s e sitlve, the 1~otropie Vibrations stUl absorb the •am.e 

. proportion of thell\dden~ light, but Ute 3650 c:m•l vibration .Oso.-ba a much 

reater p:ropot'tton tl:um l>efore , -.nd hence t relatively much ffCrongel". 

3. 3 SP!Q.tl:a Obta!A~d wl·tll. .the Ll9M!d IJ.elj\tm ARP!l'at~ ~<t UllJ!2l~izt4 


a.d'-tion,. 


TW• ·wo;rk, aft proW:oll•ly meu#.o:w . • w . done at .tA• cL~~~ 

~\lo~ tot:y~ U~\f.ersf.~ ot TOJ'On~o•. uabg a Pec<#:tn•Elme:r. Model lZC W,gle· 

J;>eam s-,.c-t:rom•~ t>qu:lpp with 60o LiF pri;am.. 

Fig. la.ebOW't a ba.cltg~o~d. spectJrurn (fl) ~d a ~#os of port• 

J~k s~~t~ , ov • the rang• 4600-3000 ~m.. 1, ob.taiJ\e at v•ri us 

t.m~:ratves 1rit.:b. f .ppxoxbnatoly • qUAl t <,) 30°. Spec~rurn #l tahow t 

tbe atntosph.elie b · were n.ot ~rJly .J"fm.oved by tluablng the opUQl 

path with d.•y nit~ogeu s-.s. The ~tG.BUy of the abno• eri,c abs ,Ption, 

however• ._, ~~ d • ufflciently to ''ev,m.t !t front oba~urtng ~e feat~e• 

oi ·l:be poJttlanaite pee~rum. 

The mal.l1. obJ~t of ·this stu.dy wu to u:amine t..h.e &pectrum a.t very 

low temperat~ee, 'but Jn order to ob eTVe tbe spectral chall es aa the 

period after the UquJd nellu.m ba<l been added to the cryostat. Some of 

these •pectr.a a.Jte shown in Fig . 12. The temperat\U'e e . · ed con~Jider bly 

wldle each of the $ ectra wa.• ll>e.iD4J recorded, and omy approzf;Jnate mean 

tem.p~r,atwrea witlllindt• of variation can be _ven tor them. The temper-

e.t.ur~• _t Wh!eh the iUusbated spectra were recorded ere foUows: 
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Fig . 12. Infrared Spec.ha of Portlandite at Various Tempera+uf"es •. with <p ~pproxi rna + ely 30° (U n p ol cl'l-i;z:. ecl Ra d iation) 



tz , 263± 5°K; #3, 155 :tzs°K; #4, 1~5 :t 1 0°K; ts. 1 oo t. 2G°K; #6, ts .. 7:t • Z°K: 

11, betwe , l4°K and 4°K, them Ui _ point o hydtog · g poip.t 

ot heUum ~espectlvely. The:re ue· several changes · the brOad b9Ul in the 

- 1400 - 3 00 em re on. L'l spectrum f2 f Fig. lJ , th• 'b d ha ~ee 

t 393 • 3904, a.nd ~686 cm."' 1• As the tem e.ratu:re d;oe>pa , ·· 

and be<:Ottloe mor~ i:r¢ense and _ l"<>we:r. T"WW ahoulde:rs appear on the 

1 1hiih beqqenq side at J997 and 39.59 em - , whtle the peak at 388 cm.. 

nea~ly disappear , ee.oming ~rely a "'hou!der centred at about )S . 9 cm· 1• 

~ept for some na:rl!"owing , ~e.Jre se4mt to b6 Uttle change tn th 3939cm-l 

band. Th• 3904 ~m.. l b apg aJ's to &hift g• adua.Uy to higher f:tequ cles 

as the eemperature de<:reases; the :lrequ.eney i~ ~916 em- 1 by the Ume the 

tempe.r~ture has .fall to 1Z5°K, an<t ine:r,ease. little, .if y, after that. 

Thie band become i:J rno~e and mo~e protninenf; as the tf;U'npe:s:G.ture drop.e \m:.tU, 

a:t very low- temperatul!"e , i·t i s copstden.bly mo:re tntens• than the others. 

Tb..e $72,7 c;:m.-1 banu b$c:omes l~aa intens:e ;ul the tem:peratul."e of 

tlle 'Sample de¢.fea.ses . ThoJ<e ts also an ppa~ent $hift in the frequ.n-cy 

ot the band t Q 3?36 ~m"" 1 , but ~s shift i . vel'y likely <ll.t" , at least . _p :rt.. 

t o the sttong atmos ,edc band at 3750 c:m.""1• ·which bec:Qmes relatively 

t tronge:r as the othc~ ~~.en•. ln the ll''tCOr • d spectra the. two 'b ds are 

\DU"eaolved and, a a r ea:ult , there U an ap· rent freq\iency ehi£t in the 

37~7 em - 1 poJ'tlau te band a it dtc:reasea in intenaity. 

Tbe band a.t '650 em"' 1 becomes nw.ch aarrower; itc~ ha.U- w!dth 
tt a\so shows~ qr~ ~~ shift-. 

dec::rea e s bom ;).bout 60 cm- l at Z63°K to a.bot;lt lS cm - 1 at 1'5 . 7°K. " At 

texn~ratu.re betlow 1 ~5°K the bequency .ppeus to romain const ,t 

3656 cm · 1. ln. addition to spectrum #6, two otb.er spe<:tra were ob. · ed 

http:texn~ratu.re
http:g�adua.Uy
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~ppep..11ed t be a potdtlve .fr-equ. cy ahtft in son'-' of ~e bands befot:e th~ 

sa~ red. 
.. t m 

l'egion ot the s-pect-rum wh . the tempe2rat~ of th• sample. wa. · 'bt;J.ovr 

14° , as shown in s ¢~;ru.m f7 of Fi • 12 . A fcldy stto P­ - d haa 

a pea~ed at about 500. cll'1· 1• end a :r.p.u¢h aketo on.e a:t app,Jrox5:pn.at~y 
1

4S50 ctn- • l:A additi-on, tb• 4178 c:rn· 1 band ·wW.ch had g.tad·. ally tn.. 

<:·t'eas.fld in lntensJ,f;y e.s the ~etnflb.Wa.t\P.'.e d~G:Ft:as ·_ d to 15. 7°K. ap-~a.rs to 

have ehitted to a olightly l~t' f..-eque;tey· and to hav~ bro. de od ou.:t .con... 

siderably o the hish bequ n~y side i,n the spectrum obtained ~ the 

tempe~&.'iure lowe~r th~n l4°K. We b'll~ve that Ute -~pl.anatlon of ~se 

phenam(ma cu be !oun ~ tenn-e of tl e ! 'rcuTed a}:)scu;•,p'ticn. oi solid an 

Uqu.id hyd;ros•· . AlllJ.t~ Hate, and .MneDonald (!7) fo~ a s.e:dos ot b;;m.d& 

j..n. this :region. Th~ .appf!ox:imate p6tdtians and frequencies of thttHPe bauds 

a~ ind#.cat.d above spectt."wn 111. and identified with the symbol ) . The 

1:requ.ency value * 4550, ~$OQ. 4Z30, and ~1 0 cm.'" l, Dtre o ~ - df~om 

t:he figu.te given by AUi.n •t al. n. positions of ~thes-e and-s ..pp r t 

eor;~s11o:nd ya:ry well wit:b t;boee of 'the ew ftatlU.'e in s •et~um f7J t:w' 

of ~en'! ~oindd• with the -postUons t then band t 4550 and 4:500 em.. ! , 

an.d the othe;rs ~Olrres:pond to th• ~ent f the app;»'-en,t b:roadenit,tg on the 
high.f~oqu.eney aide .and $bUt to lowtl! .fr.equ,en.cy ~ 4178 c:m - 1 band. . . . . 

1t w.UI 'be ~emtmbete.d, that h.yd.rog~:o. ga had been introd~•d tnto the 

sample con to cond~t heat !J'om. the ~-rystals to the .,c:1!11l walls. It i . v~ry 

pJ'oba.ble. ~·l"efo:r• . that ·the change i · the s . ctrum. wh t1ul temperatu.re 

of th.e .sample was :ted.u.~e.d below tho. mdtiAa po~t of hyd~ogen a~e du.& to 

the presence of ol).d hydrogen in the c.U. Pos bly some of the vapour 

http:temperatu.re
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Finally .J"a · .- 'bro d band centr at about 43ZO ~m... 1 ea.Tt be 

seen~ th• S}?~~ti'a o F:l • IZ. Thi batld i ve-ry weu, howeve~, and 

possibly not $lgnllicant · the spe~rum. If thete ~ any (:hange t all in 

tb1 l>a:ad ·a.s the tempe~tWl'e of $116 sample taUs , it is a sij.3ht intr,~se. 

in intfil.si~ . : 

the Model~~ , were teco~ded . ~ ·term f ercent ·t~smie:don . Iu Fig . 


13 a.J?e shQw:n, :ree of the sp~tJ."~ ~'ith ~~ent t.rensn:Uesio.n. value 


'Ya\I\Ais ~o:n~rrted to abso~pt,ion,. Th t.h-J"e'e allso;pti;Qn pJ"onl~~;~, #1,, ~, tm.d 


~ ~ wtrt d•);'tv• from thrfle spectra ot Fig. ll: 12., 6, and 7 r~spect!vely. 


Th~ .app,oXiDia~e ~emper:atut,s are. the~ofortt. f/:1, 263°K;. 4/l . 1s. 7 °~ 


f3 • etw.een 14°all! 4°K... T.h~ convea;sion. f.~om tran>Smission to absorption 


values -was done U$~ the ;."elattonshlp, 


I { LJ ) = .J o ( ~ )c:; "'tx(P)x, 

whe:re l (P) is the intensity of the .tJ' emitted t<adiatlon. l o ( I>) the inte sity 

oJ th~ hlcid.,nt. ;radiation, ex(0} ~. ~bso~pt;io eo.eftiden:t, and x the :tbJclc:n~~ 
. •· . . ~ . 

of the..sampJ:~ . .F;rom this ~~ess;lon U ~an " seen that (X( LJ ), th· ::t.bso:rp~on 

coeniden.t, is pJopor.Uonel ·to lo3 (Io /1) • ·~~e the logarithnt is take • 1tber 

to the base ~ o:- to the 'bast ten. 

The valu• lo. 10fl, o /1) wa.s !ound in tht> fono manner: . Fir t 

a c;:opy Qf ~ baek.Jrouud ~pect~um ·was t,rac•d on ~- f!!bar* eonta:buns th• 

porUa.ndite sp~et:rw:n. The ve.l:ti¢al poei,ti.on of Ul.e bac f'O®d spectrum 

reladve to the <>Ul·~ 'WtU3 ~os:en. by ma:t¢bing i~ 'With &e port].Q 'tc spe(:t;t\lU'l 

at posit;to:n.s whet'e it: ap red that ·tta:n~ssion by the porUan 't~ sample. 

http:poei,ti.on
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ul~ . ve beeu one hundred el"cellt h9-d it o~ bten fo~ s~attering and 

reflecticm by the sam 1• and ctll w!ndow. • The 
' 

base Une (or all 
' 
~a ­

urement. wa f un.d by eloa!ns olf th• beam · d . obsel"Ving the osition of 

the -pen for ze.ro tf'ansmi ~ion. . ~ ~~ervals ot 5 ·em- l . . .~egion wh r e 

thert w~• atr:Q.osphede 'ha ds , and ,10 o.r lO ~m"'l els.ewher•, vah~e .rc­

porttonal to I o and l ·we~e found by mea.sur g ·~e vedic& distance~ from 

tlll• ase Une .to the b•~llJrt>u.n.d spe~~J."\Un. and to :tll.• .. po:t!tlandite $ c·t~um 

a-es~~.tt•~Y . TP.•~• Ines weJ>e ~onveJ"l to l;.ogarf.th:ns *o.the base t , 

atid t;Jl,tt dttf4ren~ ~f ' ,, ·h p~r with ·the sam or dinate fo~d t .give f;he . 
> I 0. ' ' i 

value of log,
0
(lo/tJ.. 'This ql;lanijty wae th~ plo~ted as a fwtetion of ~Ye­

nurnber t o give the absorption profU.ee she>wn ..n F i g . 1S. 

, The.·S"egi.(tnlrom ;JOO() t.o 2800 ¢tn"' l ,. w:oich was not shown .bl the 
.•· ' . ' ' 

:J;lrevious s~ctra of ~e potdandite ~lat,s. i i'ep~oduced i~ Ii'tg • . 13 . 

Tl;l•re ~e tb.~~- ,b.~U;Ldt:t m this )'•gl;on, at a960. 29.ZO. an,d. ~850 cm -1, the 
' I ; 

6rst .a very·~ one. The$• hands ~ ~r.e4 in .aU of ~· s:pec~ra of the 

c:oxnpos~te s ec,tf.on ot. po:rtlandl.~e ~t• • They eh ed no polari1:0at;!o . 

propfJft~•s, an,tJ a:ppea.red , u:ndl~g,d ·tllrou.ghout.l:htt *•mp•ratlQ:e .r,~e 

over ~cp ~· san1pl_, wat studi,d. Nu.jol ha.s two ~tr•mely intense a.P­

•orpt;lon ~ds a~ abo~ 29ZO and ZSS~ em.- i, and the baude~ app•dng mthe 
' I 

PQt~dite ·pe~um. at :thtstA fl'•qt:4tn£.ie$ W~J:!&t in aU likelihood. du• to 

~racee of nu.jol.. In ea:rly ~J'al"~. ~aJUJ .e With, the t.bln ~~ys·tal s"Uo 

~ey h-.d be"n pl,aeed on a c·a.Fz plate Md 1 ·eld tl),e,r·~ Wi~ nuJol. A a.tt•mpt 
' ' ' ' l! 1 

bad b•e.n made to cleaat the .~~y.-t.d.fll With va:totu• or.gani'C .sol~'JS • but traces 

fit m" ~have ~e:ma.Jned on th.e .sam le. The SQU.trce of ·the wtak ban at 

2.9pQ ~:m- 1 is not ce.~• . bu.• J;t may 'b• due to one ·of the eol~~llts UileU; 
' . ' ' 

http:fl'�qt:4tn�.ie
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sevei-al ol"ganic com:PQunds have strong absorption bands in tb!$ region. 


lt i,s alm.oet ·Ctsl;tain, at imY l'&te. that thf.l. thl"e~ banda in. the ..-•gt.ou between 


3000 and 2800 c;m'" 1 a~e l).ot du• to a't)so4"PtiOU l,n. porUandite, fo~ they do not 


appear in the spectrum of 'the poWd4n' sample (Fig . 8); thJ.s a:m · .e qs 


prepared from f:ragm•s of po'rtl.an . te \Vhich had not en con~t ·with 


ol. 

Jg. F~g.• 1 the abso~ptlon J>irofil•s aJ'• superimposed i;l.oJ:de;r 


~at thq may be <eompp;l"ed m.Qre ta,sily, 1n ~~·~· l4 (~). ~e ptctl!'\lm 


o~aiaed at lS~ 7"K ts a~podmpos .. on ~the S'PKlfum. ~btained at 2.6~°K. 


The .changes in the s~tr~ With tem· ratu7e, w:t;Udl •~• <U&cussed 


earlier, are hovnl venr c;.leady in thi tigur•. Jt ap. ear thn.t the· 


fr-equ.~ sh:itt in the· ~7a7 em.. 1 bat! ·s not du.e .4mtirely to ~e p;~sence 


t ·~ a~ospb..enc band -.t 37so ·~m.. l , fo%' a w~- is appare+lt ill t~s. 


fitlUr~. 1t should b int~d out, P.owev:er1 ~the ~;:no ert~ back.. 


:round did not ubtraet. o~t ~o1upl~ely w. G the haorption pl'ofil:es wer.e 


plott.d,. possibly because the fiu.shing Wi d'ry nitrogen ~d been more 


efficieut when th,e backgli"Ou.lui trac.o wa obtained tha.n when tA••• par'- ­

H~ulaJ' po1;tlanditt spectra wt,u·e recorded. Comparison ot the ·two pr o£Uea also 

:reveals Ul.~t ~ wealt balid whiCh $ecmed to be ce.u.tred at about 4:320 cm.-1 

does increase'-'~n intensity as the tempe:rature falls. l:u the ab•orption pro­

files, howeveJ',, it appears as a plateau. or broad aholllder on the side of the 
-1 . 

4178 em ba:o.d. It is dJ.Uicult to assig auy fJ;equ.~ency value to thi.t shoulder, 

1bu.t it appears to be contred cloaor .~o 4300 than to 43i0 cm- .. 


Fig . 14 (b) 18hows the sp•c:trwn ob~ed· at a. temperature below 


l4°K superimpo.sed on the oue obtained ae 15. 7°K. Only a frm changes 


http:po'rtl.an
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art~ e\1.\.dent. Tho" OJ1· tlte Wgh. t~eq~~Y eido of ~· b~ol!4; W~:e · · 

batld have Alr~eady been disc;uetJt~.d . · In a<l<lht.c>n., · thel"• ·seems to 'be .. 

rrtarbd, ' veraiJ bu:!ttea.$• ln a\JSQr)t$01). bet\Vetll .:$80.0 .nd 2:800 em-.1 ·• ' 

Ttua:$n.¢~ea•e may be tlie rea\Jlt of • alight ebange :m ~ phys ic.ll . 

propertie• ot. ·tAe ••m:ple whi~l\ aife<:ted the •catterf.ug cha;r:aC:teri•tic: lf ~ 

but is mo.r• ~robal>ly c:hle •imply .to the. pr.e«enee of· ;o:Ud hydrogen·, ~· eall~g 

·e~the:r iuc:reat1e4 ab• rptl.c$ OJ~ rn.or• seatteril\g in tbi• ~,g~on. 

Tbo·•p•c:tl!'O :cqpie .equiptneot ~ the MaleL .f'C.llln. La.borUo"f ha4 

cer·ia.tn -~gee ov.;:r tl\e Mo<J:ol al sptetroniet•t-·. A LtF ·pri•m he.t · 

some 't higher r·~aolvblg fOWfl' thu .. eaFz: pri: 'm ." I lumce the ~· 

at:,u.c:taare··tn tbt br.o.ad bawi.e ·WIP ~eaQlved. mol:'• ·cl-.rJ.y with the Model 

l~e :lpee.t•OJ!t\&tet. Mor.eov~, th• •pectta we~e #~orde4 with a lt$ger 

wav.~l:>er :8ealer: nia.JAug i t .eut•r t · chtt:.ertnine tbf; fre.quency. i the 

be;llcls . Tlib wa• • •'.Pttt.Uy tl'u• in iQe. rcfigi4n a18)ve 40QQ.CP'l... l , ill whieh

th. wavtnuxnbt~ 11£ale bt th• Model' i l.: wlth thJt.C.r'a'prism. ilutalled, 

wa• eomprese~d ·~Y a factOir of t~n. · The· g~ea.te•t advantage la.; ·tn the: 

6ptJeal et~up, wUb tb.• ,-.t•rior :roek falt lent~t . Witb·th•.m tht .optJ.;._ 

c..a;t ~eam cot\ltl be focau.,d ~~t eDtJ.r-•ty.<m .the sample, thu• gh~lns a 

m~ • tr().ttg4U" sigJ:Jal :at ~ detector than.• wa:a po• . ri~• wf.tb. ·the Model 

.0.1. ~d; · .a• a .:r·estat, ·.a. h.tgh~t!: eignal-:.,.:to.-.noi~te ratio. All tb.e1t' t'actor ts · 

cc:m1~ to ma.k• tbe '-'•.•~· o tabl...U .tth the.·;Model,-l~C a ·mnha.t 

n'W~•· ~eliabJ• Uum th41e-.o~ci wi~ th• Mod·el &1 ~ be.t.tc~ they TI(O.re 

~ed tc:w .·.o~t:d»h\g tll• ~~~u•d• C)f mo•t t tb• b.a.n43 iJl ta.• •pe~·tr¢rn• 

..a~a.u•e. a ·J.~h'~Un, a~ .~~ t pel"l.t~tt~ wu .not . · ·.:&in. . wtUi 'the Model 

·laC. ~pQtro:m~e-~• •the , da ue. itlenti4:e by •h-. freq~,• .a..t a6le~K 

rath•r thu at rQOm t$nl1Jeratu.i'e. 
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3.4 Sp~ctra_,Obtain.edat L~w T•:rnP!;r&:t~e.with ,tbe ,o,de~ ;u Sp~trometer 

For these a .. ~h'a thfJ ~ompostt~- sec on f>f .tl)b pla~e• was mount.ed. 

tn tU ··cold ~ell illustrated ~ F!g .. 4" Several peeba 'Vter~ ob~ed wjtb. 

pol~~zed rad.k1.tf.o~. F¢r these-, liq ·dab, waa wsed a• the c·oolallt; With 

.it the peJrat~e of ~e sample vaded ~een 1 So~ ll5°K, wbic:b. is 

-ttbin the t ·~ratu.r-e • :~range ovt.- whJ,~h S:PICt:rum 15 of F.ig.la s :re• 

•o:rd.ecl. The am t 'WaS oriepta: ti.th q>:. Po.nd lfl , and fo~ e~.!~ , 
0 . 0 0 0 ·.•" 'i•Jtt< 

tbfs-e set$ln.as. sp~;~t~~ 1\'ere obtained. 9riJ;h 9 = 0 , 30 , &0 , and 9P • . Tli~~ 

·¢omplete p~ianeatt~n o,£ the' 345& t;m"'1 b . f:i.'WaS again dern.Ollstr ted, 'b~t 
:ao fur.Ulel' oladz;atlo:o. prop~tie-e ·~• dd.tetted in the spec:tram over the 

frequ~ey range •twlled (4600'·l800 ~m· l). 

Megaw (l ?l ~ her X• ray ~11lt on portl~~. fotm.d a <Usco~­

t.~:0\113 clUulge of • . dng, o. 07 perce~ m . .. uttude. perpendicula.r to the· 
·-~;~; J~.::,_ . 

triad rud.s a.t a tempe.ret\1~~ Ju$t abo · e dle ~JX)~g 'f»>bt of nitroge. Tbez.e 

is a possibiUty that the dis~ontin.uity· h ,en~cte<l in -th• b~Viom:o at :the in.• 

f%.a.~~d ep~c:b'ur.a., b~ notb!ng. of ~)» ·fi!Ori was <>b•H~rved in the apec~i' ob... 

ta!ned with the Uquid helium appar tus. lf tb·~ dtsQontinu!ty hl the be ·vt.oUI' 

of the spectl;'um. t emau. howe~er, it could easily h,av~ been miss beeaf e 

of the large dUf•r.enee. b~tw~en t#e tempel'atu:res at ., · eh t.he va.riou• spe~tl'a 

of Ftg. 1~ 9/eJ"~ re~o.Jtded. An tt•mpt ~o ~s~ovt~ · discontinuity wae m~e 

wtth unpo1 d.z d l"edi ti()Jl and a tll'Ystal orient&t!Ol1 of <(>==- ZOo,. using tl;le Mo e1 

.Zl fipoctlromet-er'. Liqui.d nt.trogen wa,s us.ct ae the coolant, •d th.e te:mpel'­

atu:re of *be sample W<MJ lowe:r as much ~ posfdl>lt by pumping on the 

.dlazn'b•l' ~ont;aining tb.e U(}ldd . nitl"og 'With a va.euum pump of !ably _. h. 

capad.ty ., The l et!t t~peratu.l!e attd.n 'Was 86°K, ntne degree bi her 

http:capad.ty
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;tb,aa tll.e :t;.oWng ·~ oi.JU.tlf!>tJeD. a-.~el1ll5°1( and w. t~pel"a,t\Ue 
a 

there dicl not a: _a.r .to lle".U.contl:n.uity bt. the • ectralrange • ,twii ., 

-460 ..,aaoo cm•·l. Th• itatrea•e tn tntenetty of the bpd at 1'916 em .. J ta 

W .dy r$pl4, however, e.nd .it 11 po tl'l>le. ·that above 6°K there 1• a •light 

dh <Sontbtulty bt..the ~s.• ttl W• ba#4 'Wl* tem~ratu.-e which waa ~ t 

4etect~Cl. lt ·CU \le •tat -.J.tb. "" ··. ona'bte eertatnty, ~oup, .t.bat U Ute 

d!•continoou. ~~$• b1 &J*ci:Qs o'b •rv · by Megaw doea reault 1n a. 

eli c~ttn..\ltty j.D the ellaage t;d. Wrared ab Oi"}ltion with temper•tlll"e be­

tween 4400 and.a 00 ·em·1• the di•eol#inuity •• fatrly tnudl. and ptob&blY' 

ocean·• below 6tK ~~ 

'X'M 1 w tem-peratv.l'e. re•W.ta o · e with th• M~·tl Al apectr ... 
I . 

ntetel" we:re .Qa,ttal hJ clusc:king JOme of the fr.-.q"t~mcy val'l;e obaerve4 with 

the MotlellJC aAd the Uq\d.d beUQm. -.ppa,r~a. As menttone<l previ<>ualy. 

a $peeb'\J,l!n -.. not o'bt..-d. a.t •o~ temper.at•r·• ·..wa. ·~e Ut.tt•l' ec;.ui - . 

ment, and lu~nee. the ~·· ot the ap~tr\Lln of portlU.dite ••r• tdentilied 

by th6il" freq....ney ~·•· -.t !63.,K. Witll th.e Mod.•l ll ther• -.u poor~l' 

te•otutioa, ~ the frequ.ency •btrt• <>e.eu,:J!ing b1 the comflu 'band betweeu. 

400ft --~ -saJotn. · -.1. ........, .......-~ ..... '"'-* ~1-ed. With cerialnhJt 'the •""•f-t In' •. ¥ ~ ~~~v em .c:-"' ....""' w ~ . ·;r:~ ..' ... ..,,. '..~ .. 
·~. t:req~eney ·of t.h' l650 em.•l l\l~ .htw.en.rf>Otn tem"ratu• a;nd.tl0°X, 

hOYever, 'Wile {o .. to 'be abo\J.~ 6 cm·l. Appro~bnately Qle ~~ir-e . U..$Uly 

.eliau.ge wu ol)wuved. between !6ilan4110°K in tlt.e • ·ctra. obta.iJ).ed with :the 

Model laC. The malCiLU.on, tbe1'.eiore·. it tha.t the ch.anse t# ~· fr·•qoncie• 

of the Ol.:ncll -b~en :l'Qom. ·tem,.rat ·• aa4 a63oK i .• not great, uc.t ·that :the 

f'tqu.end.e• .of ~~«a With ·Ute . ·ple at 1.6:iCX a:re elo•• to the velu.et for 
. ' 

http:malCiLU.on
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With th.e Mod.e1 21 the fr•qv.eacy 1Jd.ft in the 3t26 cm·l laalld ~e- . 

tween room. t.mperi,Ltau and liquid.. air tem1)6:ratu.re• "W'aiJ tound to 'be ap- ­
·l ........t. .

"Er~ely 5 em • ~o'lgb th• ·· tm.ofph•ttc com,.nfatioa with the 

dou.ble-b-.m. inatrum-* wat not pe~t~t with .the low tempetatu,re ceU 

and tb.e eom;pmrutt~ ceU ·..fll tb,i' lpeet.-ome:te~ 'bea:ma, the.atmospheric 

band at lt50 cr.n.""1 $4 not rtitn«h> wt.tb ·•uffieiu.t fntendty to ac~<uuu for 

•o gre.at a. change. It &4teJ:nl, .then, ~t QJU.y a part of the eblft ob•erv·:. . 

ill tb.e 3:'f1 em·1 band in the •pectra ob~d. .tth Ql.e Mc>del lJC lp$ctto• 

m$er it d~e to the p~etenee ot the -.tJ:no•J*ed¢ 'bPd. There •~»feat• ~o 

})e • l'"<eal bequeac;y abUt d. a. f., wa·venaxnbe:r• a• ••U. 
3, 5 ~· h1fr...-·ecl SJ!!!!ruxn qt Bracite 

The infrarect ab1orpt!on of. brl.lcit• •• etw.tie. briefly (ot de­

C:reuina tem..pe!'at\U'e of th,e. •am.ple, ud the behA,viou.- of the b-.nda woat 

foWid to par.Utl •trr clo•ely -~t of the •qu!ftlent uxsd• Q). tbJJ ~n-
·­

W».dite •pecttum. 'ttu:e.e •P¢t.rt. ov•r tht· --~· 4500-aooo an.. t, o'b­

·tAlneci .nth u:npoJ;a.ria·,.s. radhati0l1,u. <e= 10"'. ar• :~h..-n in Fi_g. 15. The 

appr«eimate ttm\peratu.r•t of th• •-.mpl• wle:Q. .atb of the•e •PecttA wa.s 

J"".Cor4: Wel'e: fl, ~93°lt {:to tn ttmperl*\lreh fa, a02°Ki 13; lG5°K. 

The t9t-o lowet t4ml~~urea wel't achtev-t4 by ~~111 th.• •ample !a.. ·tht 

,cqld. c.U .-. ub:Lg •• tU ~oo!Mt a ~ve of eJ:uhe4 i1f11c• q4 acetone 

fof! the fi:rat, an4.11qui air f r the second. T e ·treq¢ency V&l\le• of ,the 

a4 a:r• given .here to ro\\ghly ~ree-fls-.a;te -.cc~).",acy. 

The hl--.4 ba.nd lil the •peet~ }.)tJtWf.- 4100 4114$900 cm.... l 

corre• ndf to the .,.,_,_.oa4. ~ Ul the -40 .·o... sa o em.·l region :iJl the 1pectrum 
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Fig. 15. Infrared Spectra of Brucite with ((I • 20°, Unpolarized 

Radiation, and the Sample at Various Temperatures 
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of tl1: -fine •t:ruct~:J~e ·th,e 

band b not :teaol ·ehe it ion · 4:000 .em-l , 

M, tl 21 ·ap c:t~met6.-~. 'U)e- C . %pd:~ ..blstal~. The g•n~J'al 


HhaY!qu of tb.e· , .to \i._ sSuq1as .~o that of the·:b.r 


b 	 . in th•·• ofportl.U te·. Ae 


d b~Q••• more ~ · e 


t;he fAne stftJCture ~me mor.e harp ·y :. ~v· • 


Th~ ·Jma-J"ow ·at $66t em"'1 'C::Ol'Jtft&pb da to tA• 1ariaeQ bead 

4t 36!f em·~ in porf te, bell <pe · o, t tltt . .tty 1 nrlnl~. an 

aa ~ inctet.•e. ; thf bitenaity gr . ·uy ~cr .· •••• The low tempe:tati,U'e be­

haVioo.r ~·• cor:re p .. . • to that ot the· -.q ·valtat bod in po:rUandlte. A• 

the. t•tnpe:ra:~'"'e falb, the bttn4 b6Come• eontide:ral>ly •rrower. d.:rea.•• 

m ln*tnaity, ud :a.ppP.I'.I to 1ht.ft to ._ all ~tly higher fr•qt~.ency. Ther• ll 

-'-•o a tho...Z.de.:r , oD the low·treq\lep.cy •ld• of th.e·baA • ;ri.Udt eccnne• 

'bettet- re1olved u th• J66o e~•1 bucl ila!'f'~wa. The p ranee of thta 

'Jhow.cler ·tende to coutir:m the pre•.ac:• of t:b.e timila.r ,thc:>ulQr in d­

Ia..dtte. 11-oftunal·elY~ lt$ polar•...U•n p~:operti.e1 were not .te1t • 

The b~Vlov of th.e Qtb.ar ~4• in the •pectrwn JIJ,~$t> .einiU .r 

to tba_t of tbe corJ'••ponding baa 1 b1 :tb• •peetl'um.of _pottlaadi~•· 'l'b.e 

·4ll0 cm·l b-.d ~eeom~~ 'more iut••• a the t4m. er~ut, ·~k;te.: .' 'Thi ·, i"' .· . 

3110 em· l ·}:)Q4 Kr•••• in ~-.:tty., . . •how a a~: .. tJ.ttlve l~tJ;-.. 

,_,,., """"- • t.. ...<t i!l600 "'"Jn"' . . • .. •ste ve~ . lieU - y 1"". -	
1 4ec c- .r~"-.1q\l•cy • .ur.;a;.. .ff.M<;W 	 ' "'~""~ ~ .... · · - -, - ~. j1.Q 

mtewtlty, aa are Ytl!f wtak W'ben tbe .temper~\&l'e 'of th• ca-.mplo bh 

faU.n to 105°K. 
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q d. 
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l),etec:ted
' ; .: * ! @ "' 

i63 K 

4 QO 4 -00 

417 4.17 4:17 

..... ~991 $997 

•• . 39$9 ,9, ·9 

3939 $9$ 393 

390~ '9Ua $91 · 

as 6 3899 389, 

31~1 $131 S1i 

'6SO S654 3656 
.. .. ..... 6ao 

:i$?9 ~"''. 

J36f Ji69 •• 

JS 7 S3S9 

319. 

so a 

;31() 

..• 
... . 
... 

- 1.,, 

Total·' ~­
Frequ.onc·y i.n 

... · _ft (cm•I) ~o,t.!Y 

4)00 ll.u:· $e 

17 

399? 

3959 

3939 

)916 +l.i ' be~···· 
a + 1'3 D~~eate 

$7 + $­ D..:r••ec 

365 -+- •• llec s• 

0 U _ o• 
D-"~"· 

.... DeQr~ e 

.... D•.e~...- . 

... 

.... 
n.-~•-.• 

DtK:~oal 



Al~~ a IJ!'e~~ Wft ~~~ to occu in a · • -. tb.~ llan\l• 

on ,t,be low f"eqtleilcy alae of·tlu.'· 3:650 em.. l b. d, ml val.-• re giv . fo.r 

th~ abUts becaus~ of ·~• -~~~~tr of th•r ·exteqi l)efol'· , ~ b..:lt 

~ · p~a.r:e • A vallte r4 i :am.,; 1 ia, glvea (o(r ~e f;rt ·q,ency .wit in tb~· 

·. 37Z'f ~m"'l1»m • Tbl,~ i$ ~:e chanae,obae;rv.a. w;(,tb th' ~e-~ 

M · J.l . e"ct;r•:m.e*•", MrheJe·tbe·efteC,t·of (he ~ttno• ,ioic ~ , t 
~15M <:_. ,;.1 ~· a-""·" 11 · · -.'L.••._...... · of !f-·l 41o .,,.., ~~ft -......... ~"-~ 
~ v ... ..._ P"...a ~' • .g """""' -v~~+~'e , . . ,..._, · ~· " ~e -~- ·. ~"~-

£ina! · t~ l'llt$tf · ·u~ of tae-f¥.eq~·Y ot lh• b d S?&a ·hli-l, 

.~a.tb,er than '-1" ·cm..t •• o~ vrt'lhthC!'J Mod.ell~C. 

Tlt;e.·b~ at aiJ50 · ·•l, pQ-a•tb.ly Ute ~0\lld.t~:Jt •t ,6%0 em..J , 

••~· tb.e O»ly =-•·wbidl "~ ··· g -~ .~riz:llttcm x- .·•·~tle•H the $45 

,cm-1 , . ahowe4 ¢~t.,. pob.riatttm>. ·tb. ~dir~<:ti ll. of.' pot;ut.. 

i . ,. ' ·oa ~all~ to th~!. ~. It ·'' ·dUfhudt to 'fay · h.e.tb.e.~ :tb• -.~.-J.ty 

~- 'et®ly ae~o· · .~ i$ .equal :to ~er.o, '· that i.•, ·•thb,! v~tQ;r 

te. ' · · ' ~ io the·£ . ·s .. 1!he ~~tal r~JJult• .. ·· ; 

-oqh, . . ..: t the·- . ·j;a •~-ry elat• to· •e ~-· ,.T.be vtlal"aticm 1-.ding t• 

~e. ~ $0 -1. _· • thflte!ore:. m.u.at ha.:ve a. very~ e~~·JIII¥~·'ii'IU• ,_r... 
' 

~eldaxr l() ~~. .Us;~ ofb~7 ~·""•• the motion m.•.:u~t t«J.te ,lac~ eJ"" 

s~l\d.ally in a ~e~tt-. :J.~all~. JO· c. . . ' - . . :............ -


Ntml!' .of tJhe -~eJ' btu'1h ft!ch w.e~e detected. r.e~ed: li:n.Y ~-· 

~ p~ope..-deJJ. lf •• ~ectra f1f ht-t.\<:ll,e · .."te · 1r• f>q\11-v.. 

.al-...t, ·•hil r ;e;eult appear• 'tb' ·c;QlitJ"..Uet th~· findillQs Oi · · a and Idler­

.~ (6), wh.. · eb·a•V1 · tbat •ev:el'al of the hll'td• t# tW·.·. rep~ of the 

Jtpeetl"lftli of b·r•Ue PQ••.,•• 1ll1ne ,polU.ilcaUQ)l P~'~lt'ti~. lt may · l1 

" ·• h~ever. ;f!bt 14Jne· of the ba:p.d• Jn .th,e ,pqt~te ~A:h·--. re 

http:pQ-a�tb.ly


Sl 


.e<mll~tltly o 

.-ae ~~~ 
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sa 

'tk• ~ .u a6so ~tn""1 (a. 1~ l2u th• QlatiattOA "' petd.et Ad 

Hat'et' aa4 D-<nva (ll ): have ...a a••*• · ·• lh• e ~1• •b•ol'ption. ,..u•n l'e­

•\llt• ft"OIIl the 'CO .·pUq of the f-.«Jit:m·q;ta) YJbi':&U$'11 Wf.th • U I'.a# 1 m;6tio,o. 

ol th~ :t · · • tJI• 1650 em~l hand ••144 b• ·•c·e~ecl 'by 10 ._.· and. higb fro• 

. qu.eau:y combination bpd.•. ~.; lQ11r frttq\ltJ.O,~y ..,.,. ftUlcl .....ult bO$. 

·ttu.tu. · • ·Ja ~~~ exelted. tibrattOllal ~vel:a , u · th.tr :mteaUy flx ~-

4Mr••~ 0)1 co ~~ 'While. ·the higll b••••<=r b.a:ad.•·• .%!j.am#bi .PI Ui• 

s,r-o\#!4 .W't, »h01;114 -et••• bi in~- ·_lty r&t low ee~ ' t~•s· Th• tpe~tte. 

wl\iclt •~t• Qbt -• ·fA ~.U~tii• l,lt.'e •t Yiith ;thJ:f S#.W~. All tb.e 

~d• bet'"" llh• ~.._. ba.ncl at. i6SO em· l 4e<:teq-e.d in btteniUT . ._. tht> . 
. .. 

t·empe!!.at~• of. th . .,..,.pte • 1.,,.., . u4 rne!>•t of. ~· \>Qd-1 · . ·. •• in· 

-t•M:ted.,ln bl~u:ity. 'rbe1r·e Wt:r• dUcr-.p~le• • h evei'f the bU•fity f)f 

the a?af cm."'l batld .• ~1-thet th . ~nc...amg .•• •u14 be .,-.c~.a. de~reat 

•• th• ~.r:MQ.J":., ·wa•lo••• ... • Sotxi:t of the. b;Qut•, ao..:blt tha-$ in.the 4000· 

a 00 -om·l rqi<>#.. l"••··· tbl.e •tr ClllJ"f' width ~- ~·· ~ ·, .r the .tmpl• 

m•d.el 4e-•t:ri 4 •••--•· 

No a.ttem . will l>• ma,de, bfl'e to tnt•'"l'~._t the ~o=,ptq pattert1 of the 

Wr:u ~~ rJ*olt. Th:.e l'DJdn Pli¥fd.fl tbi• work ._. to eQ;llli:st4J ~-t~~ 

/indh'l•• 'U'P!ortwately, ;tOll l'MJlO _tJ at..., the fit ud:y of th-. ~,aa,t1 j;1 

pt..,peril•• Qf •• l>a.4• i# the •,ectl"\tln wt.f tn.t•q.u:tPe. lt la: holle4• ll•-.v•, 
that flte ~• .~c• ·wm.Jl"'<W• h.Xplv.I, tho•• o~e . ~ Yei.'Y 1 t · ~t;t",r•• 

ilt pal'ti~t ~ -tlt •olVbl tb:e-c pUc:-*•d paftt}rii \Ybieh -~.t• i:c. th• ~,... . , 

•p,ec:::trwn. - port,..<Ute .ta. the re,. D·. · ot th• f=~ntll OH•ilt~•t®tng \>and,. 
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