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3. 'Vben the rate of evolution of oxygen is measured, the reaction is 
stricUy unimolecular alter a very short period of acceleration wbich is 
ascribed to supersaturation. 

4. The temperature coefficient of the reaction is about 3. I. 
5. A method of weight titration of hydro;;cn perol<ide by pc.nnanganate 

is described which enabJcd reaction velocity measurements to be carried 
out in the very early stages of the reaction. 

. 6. A graphical mctilod is described "hich <Dables uDimolccular velocity 
coefIjcicnts to be calculated from measurements of the rate of evolution of 
gas without any knowledge of the tOlal \'olwne of gas evoh-ed or the exact 
concentratjon of the peroxide. 

It is believed that both these mctilods are new. 
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ABSORPTION SPECTRA AT HIGH PRESSURES AND AT LOW 
TEMPERATURES. THE TRANSPARENCY OF ARGON AND 

METHANE ' 

By B. J. £lSEXA..~. Ja. 
Puw.l.ISHSD MAT 7. 1~32 

The purpose of this investigation was to study the absorption spectra 
of a number of sllhstanccs whose presc;u re. volume. and temperature rela· 
tions suggested the possibility of llIolt-ctllar aggregation as a fac-tor in the 
attempt to account for the physical properties at high concentration and 
at low temperature. Since it was not possible to predict the spectral 
region of the absorption of the s11pposed associated or aggregated molecular 
species. the spectral region selected was the visible and the quartz ultra· 
violet, where absorption may be most readily studied. In this paper we 
sball describe U,e design of apparatus lound satisfactory for the purpose 
a.nd the results of the studies with argon and methane. 

Method.- Thc light absorption was determined by the mc::lhod of photol.'T3pbjc 
apt<::tTophotolllctry . The relati ve I,lack\:uing of the photographic platc sen.-cd as a 
me:uu.re of t he li ght transmission through the e.mpty absorption tube and through the 
tube fiUed with Iluid. 

An Ada.m llilser E 1 sp(."ClrOIo'TOph with glass and qunrtz opticuJ system was used 
for photognphing the spt'Ctro. E).posures were twcul)' minutes to one hour for slit 
widths of O.Ol to O.O:! mi1limeler . 

An under·watt."r ~park st."rvcQ a..q a source of c:ontinuOU1 light. However, the usual 
aluminum and copper cJcctrQcit .. 'S were r t"pl:l(",--'d lld\"'a.ntagcously by lI1ag1lcsiulIt electrodes 
for the shorter W8\'C lengths. In later \~ork we. bol.ve usrd the hydrogen discharge tube as 

1 The results pre.'>Cnted here or~ to be round in ~tcr detail in the Ph. D . Thesis 
o~ B. J .. EiSt:tnan, Jr., Massachusetts Institute of T ... 'Chnoloi"Y, 1m. 
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a 5OUt'Ce ~, coutinuous ultraviolet radiation. For the visible region, a tungsten ribbon 
heated wl.th 18 Amperes a.t 6 volu in a nitrogen liiJ1!d glass bulb was very satisfactory. 

!~c: U'ou spark and IrOU arc spectra were uR'<! (or obtaiulng reference lines for de
tennuung the wa ve Ie.ngths. 

It is douhtful wIJeUler a continuous absorption amounting to less than 10% ~ .. ould 
have ~n d etl'Cted with th e: procedure descrilx:d. 

. Absorp~on Tubes.-A fused Quartz De ..... ar tube of specia l design was used to con. 
tain ~e refngcrant and absorption tu~ during loading and (or the low t empera ture: 81>
.orption mea.surcmCD13. Two tubulations. opposite: C:3ch otheT. in the double " 'aUs 
of the Dewar t ube permitted the insertion of an 
absorption tube through the body of the Dewar 
tube.. Figure J shows the Dewar tube with the 
Qua.rt2 absorption t ube {O, used for the low. 
t emperature Oleasurrments. Two quartz tut.te!l 
(T and T'). each with a plane window (Wand 
W') fu.sed on alone end, ami the other end 
open, "'ere fu ~-d into another Quartz tu be (L) 
of sligbtly larg«:r dialllcl('r to eomplf.'te l he abo 
sorption tu1.e, in which all three t ubes (T, T' 
and L) arc C'ooxial. A side tu be (C) on the 
wgtt tu be connected to the vacuum line and 
loading system by means of a quartz-Pyrex 
paded seal. The windows (Wand W') were 
15 millimeters apart and the bore of tile larger Fig. 1. 

tube (L) was IO millimeters. The rt:iriR'er.:m t was prevented from escaping through 
the. small cJcaraTltt space lJetwttn the tuiJUl:ltiOHS and the a!"sorption tube:: by pad:inr 
mOlSleaed asbcstO'i fiber (A) in this space. After the a..~bcstos had dried. nlhbe.r tape (R) 
was wound around the cnds of t he lubula tions anti the proj(:cting amts of t he absorption 
tube. A strcnm .of d~ nitrogen was pa.5<i:ed through r.; at each end of the absorption 
tube .. In an earh~r ~CSlgn tu bes T and T' v;ere replaced by quartz r<xh. Howcvu. Ule 
ultraViolet'tr:lns m\sslon was not so satisfactory QS in the arrangem~t described above. 

Steelahsorption tubes M'itb fused. 
quartz. windows were used for the e;r. 

amination of gases at high prtlc;:ures. 
In Fig. 2 the tube Il wa c;: of high ten. 
sile strength mllchine steel. It con. 
sistcd of two parts (8 and C) which 
could be scrcl\' ed together. The 
longer section (B) had an outer dia
meter or 11 millimeters and a bOTe 
of 7.3 millimctC:TS. The bore was 
tapt'.red at oue end to take oue of the 
wiadows (A '). The other window (A) 
was in a hexagonal c::Lp (C). An atu-

f-=-----IS.S on minum washer. D. the cross ~ction of 
Fig. 2, which wos 1 millimetcr sqUllre, rend-

ered the tube tight when compressed 
between B anti C. Tllc assembled tube had a ligh t path of 14.4 ccntimeters. Connection 
to the vacuum nnd loading system 'Was nmrfe through E which was si" .. tr soldcred to C 
Th~ truncated c:onc~ (A and A') were of transparent fu~~d QltIlrtz. the end fnC6 bein~ 
polished plnne, parnJlcl to ~.ac:.b oUler and perpendicular to the _leis of symmetry of the 
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$lttl tube. A and A I tt't'fe c:are(uUy gTound into their respective: tapa3 in the 5ted tube 
by c.tr1'Yinz out tht: preliminary grinding in scv~fal n:plic:as of tbe tapers of the stet'l tube. 
The fin2llight grinding was done in t be sU'tllube bpus. The larger faces of the quartz 
cones Wttc about 8 millimeters in djamcter. the t:1ptt was about 3· and the heigh t of lbe 
truncated cone about 1 centimeter. A number of unsuccessful att~pts to produce a 
tube of this dL-sign capable of withstandiug a pressure of 500 at:tlospbcres resulted from 
noo-unifonn contact bct .. e~ the st<.~1 and quartz.. In these cases the windows wert: 
sbatkrM or so pulverized intentaUy a... .. to brtomc: practically opaqu~ upon appliC1uon 
of pressu.n:. Jnasmuch as tbe windows an: disp~ about 0.5 mm. as the:. pressure is 
rais«l to 500 atmospheres. it is vcry essential Utat the peripheries of the [aces IJc round 
chamfttUI to prevent chipping. The windo"" wt::.n= pressed finnly into the steel tapers 
Covered with molten '·piccia." and tcsted with an oil injector . DUrlllg t he testing most 
of the .. pictin" was extruded. leaving a hrighf metallic contact surface. Tbe lUbc~ were 
vacuum tight .:and could be evacua ted so that t he presswe rose to only OJ)Ql millimeter 
of mn-cury on slJlnr.iing overnight. The steel absorption tube .. as of suiTicic.ntly smaU 
outside- mamc-tcr to fi t into the tubulation of tJ.te quartz Dewar t ube mentiol1t'd above. 

Fig. 3. 

A specin1 tube (Ul) was built for stud)'ing Drer's law at hiSb pressures. .The 
reneral construction waS as described for steel tube n . Figure 3 shows :l steel absorp
tion tube .. -ith three quartz: windows (A) affording two absorption cltamhoer.> of the same 
internal diameter in tandem. Connection to lhe \,:lcuurn and JoadWK system was made 
through T. 1'I'ith st~1 stopcock 5". The fluid containffi in the shorter tube (H) could be 
npanded to fiU both chambers (H ano L) by opening stopcock $". Thi:lalTordcd a con
siderable dlange in density of the fluid accompanied by only a slight change in the 
amount of malter in the li,;ht path. The ~um of the int ernal lengths of the absorption 
chambers w~s KI.!)7 centimeters and tb~ intrmal1ength of the short ailsoTlltion chamber 

' was 16.35 centimeters. The ratio or these lengths was 5.013 and the ratio of the corre· 
spobdioC volumes about 3% less. Thi5 tu~ wiu be ref~ed to as the double stt"el tube. 

Argon 

Shaver' found that a column of gas at 140 atmospheres' pressure and 35 
centimeters long containing 80% argon and 20% nitrogen was transparent 

• W . W. Shaver, Trns. Ro.,. SoG. C.lnntia, 16.1Ir. 135 (1922). 
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from 7000 to 2150 A. E. :If eyer' believed that his measurements showed a 
slight absorption in the ultraviolet due to gaseous argou at low pressure. 
Dolezalek,· from a study oi the vapor pressures of mL"(tures of argon and 
nitrogeu. concluded that liquid argon contained a considerable proportion 
of At. 

Liquid argon was examined, s ince. any absorption that might be found 
would be that of an aggregate aud thus of considerable interest. 

Procedure.-The argon, supplied in a glass bulb, by the Research 
Labor:ltory of the General EI<:ctric Company, was specified to be of a 
high purity. It was ma.nipulated in a ~Iass vacllum line by the use or 
liquid air a.t reduced prl"ssurc and distilled into the quartz absorption tube 
(I) in the tuhulated Dewar fla sk containing Ijquid air. 

Results and Discussion.- Liqllid argon at about -lSO° and 135 cen
timeters of mercury pressure wus examined irom (j7,~ to 2-t.)() A. Argon. 
as a glassy solid at about - 100" and 20 centimeters of mercury pressure, 
was examined from 2-190 to 21:m A. :\'0 absorption was found. Accord
ingly, argon exercises no sensible selective absorption in the region ex
amined, and if there is a gCl1('ral absorption it must be "c.ry small. If 
aggregates form in appreciable quantity, their absorption docs not He 
within this spectral region. 

Methane 

GlockJcrl found a length of 54 ttntimeters at atmospheric pressure 
of methane to be transparent to 2-100 A. Dennison and In~am' found a 
length of to meters of methane at 70 centimeters pressure of mercury to ha,"c 
one absorption band (",00 to noon A.) in U,e region irom 0'->00 to 9500 A. 

For this iuvestigation the methane was prepared by the mctllod of 

Keyes; Smith and Joubert' and Inaded into the short stecl tube (II). 
The methane was examined at a pressure of -100 atmospheres at 20° 
from GUOO to ~1 .'jO A. It was also examined at this concentration, but at a 
temperature just abo\'c that of the disappearance of the liquid phase. 
from 4500 to 32·t.Q A. ~ 0 absorption was found and the conclusions ale 
identical with those for argon. 

Acknowledgment.-r wish to thank Professor F. G. Keyes under 
whose g-uidancc this work was carried out , Dr. R. 11 . Gerke who suggested 

the problem, and Professor Louis Harris for his assistaIH .. 'e . 

Summary 

Apparatus for the examination of the absorption spectra of liquefied 
I E. Meyer, VahanJI. deuf. physik .. Gts., Z, au:! (Hl(J4) . 
• F. DofczulcL:. Z . physik . Cltl'm .• 93, ,5..Q.i ( lnIR- l!H9). 
I C. Clocklt.'T. Proc. Nut. {lead . . ';'c;i .• 11, ; ·1 (IO:!.)\. 
, D. D. Dennison and S . D. JU b'ram, Phys. Rt:r! .• 36, 14:1 1 (I!J:W). 
,. Keyes, Smith ann Jouhert, J. "f/lIJr . Pltys .• • ~ftJSs. h u t . Tuh ., 1, Hl2 (l922) . 
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gases at low temperatures and of fluids up to aGO atmospheres in the v isible 
and quartz ultraviolet has been described. 

Argon and methane have been found to be transparent at high concen
tration in that spectral range. 
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THE TRANSMISSION OF LIQUID CARBON DIOXIDE 

By B. ]. EISEMAN, JR... A.."D Loms HAluus 

RaclIlVlIo NO\-alC'8I1-R 24, 1931 ~M,u7.1932 

Preliminary measurements by one of us' seemed to indicate a con
tinuous absorplion of ultraviolet Jight by liquid carbon dioxide at room 

temperature. These measure'me.I1ts were made wi th the short st<..'et ab
soflllion tube.' The double steel tube,' in which ti,e product of lenl(tlJ 
times density was the same through the liquid and gaseous carbon dioxide. 
gave the same results. ",Vhen liquid carbon dioxide filled the short aml 
(16.35 cm.), tI,ere was absorption below 3000 A.; when this liquid was 
expanded to a gas so that the original mass .... as distributed over a length 
of 81.97 em., no absorption was observed. Upon rocondensing tills carbon 
dioxide to a liquid in the slJort ann, the absorption reappeared- The 
conc.luslOl1 seemed inevitable that some mofecular species, probably (CO:)p 
was prescnt in large qua.ntity in the liquid carbon dioxide and absorbed 
in the ultraviolet. Howe"er, after the short arm. of the double steel tube 
had been flushed with liquid carbon dioxide a number of times and the 
carbon dioxide given more careful purification. the results could not be. 
duplicated. The absorptiolJ in the liquid carbon dioxide seemed t o be a 
strange function of the density and eventu:tlly disappeared abruptly 
except perhaps for a slight continuous absoq>tion below 2500 A. Liquid 
carbon diox..ide contaiuing watcr (introduced intentionally) showed a slight 
absorption (beginning around 20-:;0 A.) which disappeared on vaporizing. 
(The accuracy of these early mea.surements was not better than about 
10%.) It ... as nccessary lo conclude that the absorption in the liquid 
was due to some dissolved impurity_ WlJether the impurity causing the 
absorption was picked up in the absorption tube Of was present in the gas 
originally introduced has not been settled by this work. 

Shortly after this phase of the work had been completed, an article 
by Harig' appeared on the ultraviolet abSO<ption of liquid carbon dioxide. 
His results were similar to OlIr early experience: except that he found 

l D. J. Eiseman, Jr .• Ph.D. Thc.<;is. M 1. T ., 1927. 
lB. J. Eiseman, Jr., Tms J OURNAL. 54. 1778 (1932). 
I Harig. Physik. Z .• 30, 8 (192tj). 
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even more absorption in liquid carbon dioxide. A two-millimeter length 
of Jiquid carbon dioxide was sufficient to absorb nearly all radiation below 
2000 A. He found no absorption in a ltO-cm. Jayer 0; gaseous carbon di
oxide at 00 atmospheres. No matter what the conditions of temperature 
or pressure might be, he found absorption as long as liquid carbon dioxide 
Was present and none through the gaseous carbon dioxide. H e concluded 
that a polymer (CO,). was present in the liquid ca rbon dioxide. In the 
light of our later experience it seemed very ccrtaiu that Harig was measur
ing the absorption of some impurity soluble ill liquid carbon dioxide. \Ve 
decided to repea t our measurements in such a way as to a"oid all con tact 
of carbon dioxide wilh grease, oil or any other substances likely to be 
dissolved by carbon dioxide and thus try to check our later measurements 
independently. 

Preparation of Carbon Dioxide.-carbon dioxide was prepa red by hC3.tiug sodiuOl 
bicarbonate. :Most of the water was remo\'ld by cooling and t be last trnCC'S of water 
remo\'ed with phosphorus pentoxide. The carbon d io:\ide was sublimed very slowly 
three times, (irst and last portions being discarded each time. The carbon dioxide was 
stored in large gla!'!> bulbs conlleetcd to a qU:lrtz spi ral manometer. Carbon dioxide was 
introduced from the bulbs into the absorption tu be by hre:tking a tip in a glass valve. 
(All valves were of this t)·pe. ) The carbon dioxide wa... .. never in contact ... it11 gre:nst, 
«m~nt..5, or metal. 

Apparatus and Monipulation.-The:. "low temperature" absorption tube l 
... as used 

for these measuremenLc; . I nstead of blowing nitrOGen ou the windows to pren.nt frost. 
it was found much more advantageous to add two extra quartz windows to t he a bsorpt ion 
tube after it bad been assembled in the tubulatcd Dewar tube. The: spaces hctween 
t hese: extra windows and Ule windows of the absorption tube wcre e\·:lcuated. Then: 
was never any t endency for (rost to fonn on the windows although the body of the ab
sorption tube 1'0'a5 hpt at -50- for hours. In order t o de termine. tJle transmission of 
the absorption tube:. empty, the lend from the absorption tube " 'as connected to a trap 
in whieb the carbon dioxide could be frozen. The absorption t uhe with this trap at· 
tached wa. .. sealed off from t he pumping syst em and ca.rhon dioxide reservoir after suffi. 
cient (calcula t ed fro111 the known volumes a.nd the change in prcs.c;ure) carbon diox ide 
had b«n loaded into the trap. This arra ngement permitted many observations of the 
transmission, with the tu be full or empty, to be: made with one sam ple of cuban dioxide 
without changing the position of the absorption tube. Solid carbon diolCide-alcohol 
was the refrigeran t u!Oed ill the tubulatcd De ..... a r surrounding the absorption t ube. while 
liquid air was used for fre('Zing out the carbon dim- ide in t he adjoining trap . At thf! 
carbon dioxide triple point (- 56.6 0) the pressure is 5.2 abnospbcres a.nd since it was 
necessary to nta~e measurements at morc elevated temperatures, it Wn.5 gratirying to 
find that the absorption tu he would witllStalld pressures up to 10 atmospheres. 

The absorption of liquid carbon dioxide was determined al -51°. Al
though the length of this absorption tube (1.5 em.) was about one-tenth 
the length we used previously (ten times the length of the tube used by 
Harig) the increased densi ty and the lower temperature would certainly 
favor the fomlalion of carbon diox.ide aggregates. . 

Spectrograms were made with the tube empty and the tube full using'a 
Hilger E 315 spectrograph. A hydrogen discharge tube served as a source 
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