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Surmary

The standard difficultly combustible materials which we have used in our
work, uric acid and benzaldehyde dinitrophenylhydrazone, were sent out to
three commercial microchemical laboratories as unknowns with the request
that Dumas analyses be performed. The values obtained were low by one par*
in 33, or 3.2% absolute, for uric acid, and 3.8% absolute for benzaldehyde
dinitrophenylhydrazone. Thece crrors agree with our own experience for the
method before modification.

Our report presents details of a number of modifications in apparatus
which we have found to be advantagecous. Chemically, we have shown that the
sublimatc reported previously has a copper/nitrogen rutio consistent with
the assumption that it is the cuprous derivetive of cyancgen. In the absence
of halogen, we have showvn that combustion with hydrogen accompanying the
carbon dioxide prevents the formation of this sublimate chiefly through the
formation of a copper cracking surface. A reworking of the effect of cuprous
oxide shows that it does not reduce carbon dioxide, as originally thought,
but that cerbon monoxide can still give hizh results if an imp-operly
designed furnace is used. We have also found V, Zr, 2nd Ti are not satisfac-
tory in the tube but that Si is partially satisfactory.

Our main problem during the last six months has been occasioned by the
difficulties encountered in thc combustion of compounds containing bromine.
This apparently forms cyanogen bromide =nd is much more diff.cult to deal
with than the cyznogen previously considered. We found that each increment
in the cmount of hydrogen used curing thc combustion improved the results and
finnlly concluded that generation ot the rnte of 0.5 rmpere is sufficient
tu achisve & satlisfactory result. No trouble wns encountered with chlorine,
jodine, or sulfur,

We are thus able to report ~ satisfactory enalytical mecthod for nitrogen
in the presence of C, H, 0, Cl, Br, and I, which will be equnlly satisfactor;

for compounds which volatilize and for thosc which docompose with formation
of tar or charcoal.
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I. Review of Previous Uorl: under this Project

Our previous report gave an introduction tc the literaoture cn the
Dumas method for the determination ol nitrogen, vith 2 sumiairy of the dif-
ficulties vhich hove been encountcrec, together with addition.") obcervations
vhich have been nade in our ovmn laborctories. It imc concluded that there
were two different types of diificulty encounteired -ith the :iethiod. Onc of
these had to do wiih compounds conicining C, H, O, ~nd N waich wvouid
decompose without melting to a nobile liquid. Such comounds zive low
rosults by thc standard Dumes technique, either wmecro or riicro. The second
difficulty arose fron the yresence of cdadition~l clcaents, such ~5 C1, Br, I,
or S. This latter difficulty was not invectigated Curin; the first pert of
this rosearch cnd attention was coucentrated on th~ substances virich con-
tained only C, H, 0, and N.

The method usod in our resc-rch vas to sclcet twc compcundc *raich gave
unacceptably low values by the standard Dums technicuc cnd to cralyze them
ropeatedly under varying concditions to lecim the source of the difficvlty and

how to ovorcome it. Anclyses on ticee caripounds we:c intersnersed with others

on a standcrd, casil; conwmstible compounc.. to nalia sure thot acceptable re-
sults on tho difficultly coubustible :::toii~ls werc noi duc to o conpensoting
error on the hih side with an casily combustible nate:.:1l. The e oles
chosan {or this vork wore uric acia ond the 2,-Cin.trophenylhydrczone of
benzaldchyde, o8 dilficultly comibuctible moterials cnd 2,4-dimethyl-3,5-di-
carbethoxypyrrole (called "st. nd id pyrrolce") foi the casily canustible
matorial.

It was lcarnod thot the lov results obtained villr the difficultly cou-
bustible naterials wore duc to tiic retertion of nitrogen in the tube filling
and that part of tho rctained nitrogen copcarca ot the tip of the £illinz in
tho form of a sublimatc contxining copper ~ncd anitrogen. Thic sublimcte
moves down the tube at temper:tuwres s:betonticlly i ciicecs of 360°, tho
boiling point of mercury. Thc nitrogenous residuc in the tube doecs not ornly
trlze the form of a "chorco~l" cs it o been thought by con: previous in-
vestigators, ut in addition is in the form of one or morc coppor-nitrogen
coapounds. In coume instonces, the presence of a Cu-N derivotive aty be
dcnonstroted by roburning the coppor oidde of the tube filling in oxygen
~nd showin; the formntion ol NO b, necns o: the dinhonylx.inc-svdfuric ~cid
color reaction. In other cascc, this roaciion 1o ncgrtive but the compounds
m~y bc demonstroated by hydrolysis i the Kjclda~kl -~pp-ictus, under vhich
conditions cmionia is 2ibeiatod. The leotter belivior wovld be typical of
a nitride of copper, =8 wcll coc of o cynno n deiivetive. It wme “elicved
thot the sublimatc wes sonc sort of copper-cyanogei. comnlox. T:isc ond other
informotion presontcd in tho renoit led us to the conclusion tiant the difli-
culty in the Dum:s mcthod arosec frou the Jormotion of cyanogcn durin: tiic
corbustion ~nd our cfforts woro dircctzd tow-rd the dostruction of this
mateiial.
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Throe mothocs worc tricd in attuipts to dostroy cyano;en. The Tirst
involved tho addition to the 328 stro-m ol witer, -rhich should hydrolyze
tho matorinl. This turncd out to be curborcamo. Tho cccond ws the use of
cloctrolyticslly genor~ted oxygon. The taird war tho vso of clcetrolytic-lly
gonoratod hydrogen during tho camoustion, {ollowed by oxygscn to romove
charcorl. This ncthod was origin~lly weod =8 o convenient mothod for scecur-
ing o hi-h and sto~dy concontration of wotor curin; tho canbustion. It
appoecroed, howover, that the hydrogen could es.ive -nothor puonc e well.
The formation of tho coppor dorivetive of cycnogen roquircs the presonco cf
copper oxldo ond this matori-l coos not soc: to foim in tho prescnce os coppxr
as the cracking surface. Accordir ;ly, hydrogon curins the comvustion would
gserve to renew the copper crackin:; surfrce which could be generated initicl-
b.

The method wvhich we {inclly cdonted used hycrogen sor 10 mimutes -t 0.1
amp. before the cambustion to propare o copper craching surface. Puring the
combustion hydrozen was genercted ~t the rate of 0.05 cmp. After the
preliminary combustion, followed by o short sweep with c~rbon Cdioxide to re-
nove the hydrogen, the polarity wac reversed cnd aygen wes gencr~ted for
10-15 mimutes -t 0.2 -np. to remove the chorcoal.

CPNSE- BN

Just before our repo:t was wresented, . ctuc; or ilac Yumas .xethod ap-
peared in "Analytical Chemistry", 24, 31 (1952) by V. C, Allord. This
relied on the 2wwe of o larpy URCEBE O OX TCL (TUlll Aie mu-bvestion, as-
gensially as is donc during tho conbustioi for C anc H. The excess of
oxygen is removecd by copper and the Jinnl swe.ping is thea performed witl:
CO2 as in the Dumas procedure. I'iaui our ctudics, it appecrs that this
procedure should ~lso provide a satisfcctory cnswer to the problem, since tie
formation of cymnoger Goes not oresent ¢ source o- Gif{icult:” in thc C -nc
H procodure wut only in the Dunas wthocd vilch utilizos cacoustion in CO,,
a material in which cyano;on is stoblc. Decouse or tiie nccessity Jlor Bu%ject-
ing our procedurc to closer study. we acve rot hod on opportunity to nalee an
intercamparison of the two methods but we hope to do this privately in our
loborctory during the next montl or tiwo.

i

Our ecrlier studies clso included attenpts to use tubs fillings other |
than copper oxide -nc copper bt these cttempts were not fruitful. The |
report ended vith a statemsnt ol {future resecrch, which included attennts to

establish the noture of the sublimote more cccurately ond combustion of

materials containing other hetero-clements.

II. Studies Performed During the Last Si:x: lionths.
A. Compcriccn with Other Laborntorics.
One criticism vhich might be dirccted cgoinst tho work summ~rized in

the previcus report is that thec low rosulte which we obtainod with our
st ndaid compounds teiore nodification oi the rethod are not nocessarily
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representative of the method. To exrmine this, we sent out sxaples of our
two standard difficultly combustitls compounds cc unimowns to tiiree com-
nercial microchemic~l anclrrticsl labor~tories wit!: the roquest thot Dum~a
anclyses be porformed. The results cro ~s follows:

|
»
!
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Uric scid. Caled. 33.3%. Found: A, 31.84%. B, 32.58, 32.6%. ’
C, 32.29, 32.02%.

EDNP. Caled. 19.57+. Found: A, 19.19, 18.99%. B, 18.70, 18.556.
C, lCQWQ "

The average volue of the five camiercial anclyses for uric ccia is
32.28%, vhich is low by one part in 33 or 3.2, >bsolute. The -~veraze valuc
for five -n-~lyscs for BONP is 18.83., vhich is 0.74% lov or 3.8 abcolute.
This agrees with our cxpericnce that tho ~bsoluto orror in thc anrlysis of
BONP is grcoter th-n that for uric ccid. Our vorst campound whe nercuric
cyanide in which thc cbsolute crror wos 6.55.

B

B. Ch-nges in App-uctus.

Hocters. In our previous report it was noted tuat ve were using
Fisher combustion fuim~ces for our tube hectors. Those h.ve given trouble
of sevorcl sorts but ve h-v: net been btle to Zind : comicreisl tube heoter
vhich we feolt wos a caapletcly satisf~ctoir- substitute. Sovercl months -~go ‘
our Fisher fuinaco burned out ~nd after repeirs it no longer gove s-tis- '
factory performonce. The cifliculty weo duc W too lorge - tenper-ture
differential between tho center of the furucce snd the onds where critical
ports of the tube filling are presecit. Ihe result of this terperature
differenti-l was that only the rmetallic copoer was mintained ot the temperc-
ture indiccted by the thermocouple. Since this is not involved ii: the
decanositicn of the sample or in the cambustion ol difficultly comustibdle
gases, the teupernturc indicated by the thermocouple becomes mecn ngless with
respect to the conditions of combustion. Our difficulties with this
furnace led us to work on hecter design to sccure =n arrangacent which would
be s~tisfoctory.

B ¥ R R

One prime necessity in the Dum~s ::othod is th~t the tube hente: should
be capable of quicl: heating and quicl: cooling. Saw: cormerci~l furn-ces of
the split type cre so constructed thot they cannot be woved beck from the
coubustion tube without chonging the position of the tube. This ...kes thcn
entirely uncccopteble for the Dwars conbustion. Othors not of the split
type cool too slowly for usc ir the Dum~s ncthod.

Our first trizl for 2 tube heater cousicstod of - sii. 1c coil of
he-~vy Nichronc wirce wound for boare cle-i~ince of the conbustion tnbe, with
tho indivicu~l tuims in contoct and with no outside insulcotion. This could
be brought to tempercture (750°) in Jour nminutes fion -~ stort wiilh o cold
combugtion tube. Its coolin: time was slowver it was satisfctoi~~ lor tihe
Dum~s mothod, since tho tuboe becuae conl efore it s 5 noccosley Lo open
it fa the introduction of - now stmplc. By tho omission or insul~tion,
differonces botween the midcle -nd the onds wers rdnindzoed.

a w&uumw SN I o
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Tho singlc coil tubc heater proved to h~ve tio (is~dv-ntrgee. To
sccurc campletce horting of the spice occupioc U the comple ~ad its conbus-
tion products, it was nocessciy 1o move the sxyple henter until it ¢ uic into
contact with the tube hecter. This frequentl: bioks down thu oxicc co~ting
on the two ho~ters with = conscouort short circuit. This Tin~1ly rosulted
ir burning out thc swmplo heater, which wos constiveted of liiier “rire tih-n
the tube horter. Tho other disndv:wntoge of the sinzlo coil tubec hoxte:r was
that the regenerntion ol portions of the caubustion {uvbe {illin; wr- mCe
difficilt. It wns nccessary to - ush ths tube henter off the ond of tae tube
and perform the regcncerations with tho s~mple henter. Vith - snlit fwrn:.ce
that con De pusho bocl: this operction ic simplc. Vil o coil th-t nuet
be slid off tho caubustion train, it is difficult.

Both of thc difficultics of our rfirst deeci were overcoie in our
second dosign, which we consider to be a satisicctor, cnswer to the Hroblicms
involved. This desizn wos orizin -ted b, our instrunent :-ker, ifr. Josceph
Waltor. In this design, the tubo hooter is made up of three coils of hocvy
res_stance wire (Jolliff Alioy K) conc the smmple heater is - fourth. 4hese
aro individuclly nounted oa &1011 blocks oi M-orinite (Johno-t!-nvillo) to
furnich rigidity. Thc honters are wired in sciries ~nd supplicd witn
individu-~l switches which con be used to cut out ny singlc hecier or coa-
bination of heators while le-~ving tha others on. They were then erlibroted
ag:.inst an ammeter. Since 211 of the coils ~re conctructed of wrire of
the scme size, ~djustnont of the -~pplied volt:.ge Yo zive ~ predetermined
ampercge will bring a1l of thom to the s-nme teiper~turc. When one heaxter is
cut out, readjustnent of the cmpercge to the orizincl voluce will being
the remaining furnacces to the ori;incl temveraturc. Thi: const'nt current
heating system has proved to ke very satisf ctory in our work. Siinging the
s-mple hecter irto close contact :ith the tube heaters .ial.es no difference,
since the coils are connected iix series and there ic rno greater potential
difference between adj.icent coils vhen they arc in contact than there is
vhen they are separated. Regoneration of pcrtions ol tae tube fillin- ¢'n
be accamplished readily witl: this arv.nge ra.t »y heatin; the desired section
of the tube heater.

After further experience ve h-ve returted to the use of Nichrome in
our heater elenents.

Generator Reclief Assembly. It our previous report we noted tiat good
results could be obt-ined by the incorporation oif en electrolytic ‘enerator

into the CO% train of the gas gercrator. lhcen w:is generato: ic in operation,
W

one of the two gascs formed ie utilized, thc otlier .usct be diseorded. Tais
was done manually in our first anjarctus Hul -~n automatic rethod f{or ac-
complishing the gas reliei was desired.

Ve have now desigred ¢ gos rclief asceinbly for the generctor waich is
shown in Fiiure 1. Ve Ilirst e:periuented :-ith frits rendered non-wettable
with verious impremmations, includin; dri-filwu cnd other silicone coatings.
These turned out to be unreliable, since continued contaet vith hizorlboncis
ecluticn finally penetrated all the :ilms th.t e werc able to prepare and
rendered the frits wettable.

RESIRICTED
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Figure 1.

T,

Hydrogen-oxygen generator with automctic gas relief assembly. Carbon

dioxide enters the system ot the right and is controlled by the height of
It then passes to ~ morcury trap which equilibrates

mercury nt che frit.

pressure on opposite sides of the generctor.

It is then coveycd to the

generator where it is mixed with the desired gas and leaves through tho exit
tube at the left. Excess g~s on the opposite side of the generator is

relleved through the frit 2t ths 1sfi side of the mercury trap.
and the generator are filled at the standard tapor stopper which is held in
place with a modified Kronig's cement.

— e m = e o e e e e
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We finally decided upon & mercury-filled cesembly. Tii:s is izore com-
plicated than the impregnated frit a1t it hae the adventaze of reli-ble
overation. For operation ot 0.3 cnperes or wvolow, a 10 mm. fine frit vas
satisfactory. For - larger zenerator with 3 anpere capacity, ¢ 30 .im. {ine
frit was used. The operation of the device is intemittent. Piessure ‘nilils
up in the outer chamber of the generator until was wsrcvy has beon puched
awvey from the frit. Gas then diccharge: through the frit until the nermwy
rolls over the oedge and seals it off. Beccuso ol surface relctionshlns, the
pressure necessary to forco the wercury awcy fror- he frit ic apurecinbly
greater than thoat which vill allow it to flow back. This results in intor-
mittent operation.

Nitrogor lHeasuring Device. The nitrogen measuring device deseribec oy
Clarke and Vincns (8001, Ed, 14, 522 (191{’.)5, has beer nodified by attcoching
it to the "nitrometer" by - suncli standard toner ground joint which is secled
on with beeswrx nd rosin ceaent. A Deckmrn 5 cc. bhezlier is used to cxtch
the offluent mercury ~nd the goin in weizht of the be~ker ic noted in--
stead o the loss in weight of the mercury containcr. This nocdification nles
for groator specod in opcrotion ~nd the weighing of the mercuwry frac onc run
c'n bc postponod until the ::08t convenient tinc vhile cnother scmple is
stortod.

We h-ve ~lso rolified thc "nitromoter™ itscli. Inste-c¢ of tvo stop-
cocks, vc use n single 120°, threc-wcy, nressurc stopcock -t thc top of the
nitrometer. Before inst~1linz t-is, we ocecsion-ll7 loct ~ sa:mle due to
lo~k-.ge of tho stopcock. Tho usc of - pressure ctopcock obviates tuts dif-
Ticulty. Our nitromcter is showm in Fig. 2.

Sultwric Acid Valve. Ve itve uced tho i: gnetic valve described by

Pagel (An~l. Ld. 16, 344 (1€44)) cver cince it was suggested. Our Iirst
odificotion wos to turnm it upsidce dovm 30 th:t wublles would not be ccught
in tho seat. Howovor, vc h-ve oxmmuidenced soue cifficulty with the opera-
tion of the v-lve. Thi: i due to tiic introductior of sirll ~nowmts of grit
during tho filling pioccss. If comc mcteric) bece :os lodgod in the wvalve,
a slow lo-k will result vhich: vill nocossitotce prea~turce refilling ol the
generctor. To got round thie, it beeame our custan to repolish the valwvue
oach tine thoe genercior was £illec. This ~ddod oxti: wvorl: ~nd vo {in-1lly
decidoc to desizn a diffeoront tync of valve.

Tho valvo wiich we aro novr vsing iz = acrewxry injeetion Jevice shown
i: Fig. 3. It rcliocs upon the {oet thot o static column ol mercury will
support - muchr hicher static column ol sulfuric ccic. If the sulluric ~cid
is placed in 'n innor tube ~nd th2 morcury in n outoer concontric tube with cn
ciiit tube sedlod to its top, tiwo flow ol the suliuric .cid ..wy be st~rted
or stoppod v ch-nging the huight of the morcury columm. ‘then it is lowored,
acid will flow fraom thwe innor tubo into the outer "nd tiwroush the exit tubo
to tho gonerator. Control of the mercury heizht is securoed vy ens of o
surgical syringe. To zunrd :g-inst accidontcl brocliigo, thic syringoe is on-
closocd in @ bress armor. Tt ae cdriveon by o serow implaging on o brass plate

RipIRLICTIELED
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Figure 2.

The nitrometer assembly. The
carbon dioxide-nitrogen mixture is intro
duced through the long capillary at the
left. This is joined to o tilted, open
ended T-tube wvhich is partiilly immersed
in mercury. This tube insures sharp
cut—cff of the bubbles, The bubbles
then rise through ~ long column of KOH ‘
to a short length of 6 mm. o0.d. tube '
sealed to a 2 mm. capillary on a three-
way, capillary, pressure stop-cock,
This in turn, is scnled to a small
J standard taper and the mercury reservoir
___,\F__) is cemonted on. This rescrvoir has a
small stop-cock ot the bottom and a fine
capillary tip, made by drawing the end to
o cnpillary tip, sealing it off ~nd then
I \““1 grinding back until the desired tiny hole

l \._--7 appexrs. On opening the stop-cocik, the
mercury should not run fast enough to
prevent in accurate stop of the meniscus
in the capillary at the fiducini line.
The fiducial line is made with a piece '
of Scotch tape. Equilibration with the
atmosphere can be made before mezsuring
by opening the stop-cock to connect the
mercury reservoir and the air. The
mercury which comes out is ccuzht in a
5 cc. Beckmann pH beaker and weighed.
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,J Figure 3.

Mercury injector for control of aciu flow. The
surgical syringc on the right is armorzd to pre-
vent bursting and is driven by a firmly mounted
gscrew with a krurled head. The pressure stop-
cock is ordinarly left onen but is arranged so
that it can be closec during evacuation. The
mercury is driven to a height suificient to
balance the weight of the sulfuric acid colimn
above. Triow can de started by slightly lowering
the mercury height.
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attachod to its head. Conncction to the appor~tus is sccurecu by monns of
utyl rubbe:' pressure tubing tizitl wired cm over glands. . pressurs stop-
cock ic interpcsed between tne syringe ond the valve. Thin is shut off cwi-
ing the evecuaivion process. Ly this ':cans; the heirhti ol the .iercury
colurn betweer the valve and the s:ringe ccii he shortened fron the 76 cn.
whicl: would be recuired il it were to support full atmesniieric heac. The
syringe must be well greased with a tacliy stopcock grease tc prevant

the loss of mercury vhich presses agciise it.

Iu use, vie do not attemn»t to gencrate ;as co. tinuously btut instead
we back the screwv up three turns frow its closed position, allow the nercury
to equilibrate for . fov ceconds and than retu n the screv to its original
nocition. A :urli on the !lmurled hoad permits this position to be _ound.
This operation of tlie screw injocts cnou h sulfuric acid to just refill the
gunerator wviti gas. 'ith a little calibration, thc auiount of sulfuric acid
required for the refilling con be gauged sotisfactorily.

The moit cifficult nart of the operation of the valve coiies vhoen the
generator is vo be rechorged with sulluric acid and Licarboncte. LAfter toe
solutions havc bcen replaced, it io neces-oim- to evacuete the gencrator to
remove the air. Bolorce startin: this, the nlunger of the erringe should
be freshly greased. The pressurc ctopcock in the icrcury linc is then
carcfully and slowly turned off. Aiter the zencrator is cvacuated, the
generation of carbon dioxide can be started. This chould be performec by
two persons, one to operatec thc >reccsure stopcocl:; the other to opcratc the
syringe. When oporating thc pressure stoncocl:, it is clwejs ncceecary to
turn it slowly. Its frictiion ic consicercbly ir.cter then thot of on
ordinary stopcock and it must be supportec and tumed carefully to avoid
stroining thc glass conncctions and caucing o rupturc. It is cqually inpor-
tent to avoid advencing the scermnr attached to the syrinze vhile thae stopcocl:

the syringe.

Before openin;, the prossure stopcock, the scrow impin~ing on the
syTinge head is baclied up thc number of tuims cCesired Lo start the {low of
acid. This usully requires about {iftcon tuins. Thoe stopcock iz thien
oncned by onc operator, the sccond operator drawe tild syringe barrel back
and supports it vhile the first operctor imclictoly closcs the stoncocl:.

In this mannor,mercury can be nuaned out ol the syctom 2y¢-inst an un-
fovorable heac. If thc greasing oi the berrcl hos not been camplets, howove:,
air will be drovm ii.to the systc:: fro.a tho ovtsicdo instcad oif narcury from
thc inside. This w11l nogate the offcct ol the evacuation ond roquire an
oxtre cvacuntion after the air hos bean forced throush tho mcrcury coluan.

If tho syringo fits cloccly, the greacing is thorough and the operations

arc conducted expoditiously, this troublo will not appear. then thc pressurec
inside the gonerctor is within 20 cm. of atnogphoric, tho stojcock mey he
opened =nd the plunger adjustod freely.
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To guard agoinst too ropid genoration of earbon dioxide witi: conge-
quent dangor of explosion of the gencrater, the tube leading ~cid to the gen-
erator is made of 3 m. oc. glass ond h~e o coil ocprinz for the double
purpose of slowing up the ncid flow and »roviling a strain rceliever for
tho closed gl~ss system. The c-it gloss tubing ic made of 8 im. od. ctocl: to
provide oagy exit for the gas ~ftor genmeration. Urinz thic systen, ono hng
lecway ir the aeid is necicdentally allowed to Ilow too frecly. s an ~diled
precaution, the bicarbonate bottle lins a burla) cover pliced oround it ~nd 1w
dravn up vith ~ drawstring 2t the top. Vhile the apparatus is evocuate’, the
operator always weors a facce nask.

Uhile the oporation of the uercury injector h~s turned out to be
thoroughly satisfactory, we ore concerncd over the hnzards inhercat in its
design. If the gluss holding the mercury should be Lroken, cerious doiinge
- coauld result. The time ~t tvhich this appeors nost likely to occur is 2t the
time of the first generation of cirbon dicxide followinj ovocuation of the
apparatus. OSince the operators of the valve mict hrve their hands under the
strong sulfuric acid at this tims, the chances of injury soan renl.

Because of these hazards, we have desizred still o thixl tyve of
acid injector. This hos not yet been "uilt and tried but we anticipate
building it as soon ac one oi our generators recuires recharzing, waich
should be in about two or tiree months.

The desizn wvhich we propose i« sketched in ¥iz., 4. Unlike previous
designs, the delivery tube from the sulfuric aci.l container is constructed
so that siphoning 17ill not occur. A nogretic plunger is placed inside the
glass pump tube. This plunger i5 constructed so that it fits closely
enough to move the viscous sulfuric-phosphoric zcid mixture upwards vhen it
is lifted rapidly but will allow them to flow by it in place when it
returns to ite rest position. In this manner, sulfuric acid can be pumped
into the generator at will but there is no reliance upon the it of a valve
to rctain it vhile there is no pumping. This systc: also lends itcelf to
purging by evacuation more rcodily than any of the ones which we have used.
The exact Cizensions and details of construction will have to await ex-
perimenial dete:mination.

-C. The Sublimato.

In our previous report, we rccorded the finding of a subliwatc which
cualitative analysis showe! to contain copper and nitrogen. This material
was not obtainable in a form which leont itsclf to weighing of tho original
sample nor werc we able to subject it to procedures designed for purifica-
tion. Only samplos considerably less than 100y wore available. Under
these conditions, we decidoed that the best analytical procedure would be
the deternination of the copper/nitrogzen ratio. The two cloments had to
be deternined on aliquots of tho same sample.

RESTRICTED



N
~
/
J
\\

B

Magnetic pump for injection of acid. (This has now been tound to be the
most satisfactory means for introducing acid.) The delivery tube of the
pump is high enough to prevent eivhcning of acid wnen the reservoir is
full. The check valves are spheres of Teflon. Turning on the current in
the electromagnet raises the permanent mngnet, which is sealed in Pyrex,
and pumps the liquid part way up. The clectromagnet may be raised further
by hend or the pump may be operated sever-l times in succession 2nd the
acid will be pumpced over.
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To determine the copper conbent spectrophotometrically, the sublimete
had to be discolved in gleci~l acetic acid, which is not an ideal solvent
for the ammonia detarmination which also had to be made. This is true
becruse of the difficulty of freeins acetic acid from traces of ammonic.
The conpper content was determined by ~llowin~ the sairle to form o comnlex
with an excess of etioporvhyrin II. The cmount of free porphyrin anl of
copper caiplex could then be determined, beecuse of the differcnce in their
absorption bands. and from this the anmount ol copmer prescnt covld he
cclculated. The ceteriination wvas performed i li-e Yinslow Ceu- ~hey oi
tais departmont. In a typical samle, 40.0y o; coprer was iounc.

To render the acetic acicd acliquot bacic foi the nurposes of ammonia
determination, about 8 cc. of 507 sodium hydroxide was requirec for 5 cc.
of the agotic acid solution. To sccurc o solvent low i amionia, commercial
C.P. acctic acid woe fractionated -nd tho fraction giving the smallest recc-
inz on nesslerization was uscd. The 500 sodiwm hydroxide soluvion was warncd
in a water bath with aeration to free it fron residual imoniz. By tolkdang
these precautions, the blan’: woo Ciiinshed mateirially but aot eliminated
completely. To correct Jor the remeining blenk, the tronsmission point
on the spectrophotometer wes sct using a re~gont blanl: instecd of distilled
water. Rendings were token on o Zeclaarn spectrophotometcr. A enlibretion
curve was preparcd usirz o stondrd eoluticn of comonium sulfate coantoining
2y of ammonia per cc. K-l lysis of the scmple of sullinnte referred o '1bove
sove on armonin content of 9. 6y, corresponding to Il of 7.9y.

In the ~nnlyses precedin:, thce voluc for copper suould be gool 1o
within 1-2% but the volue for cimonia is cstimated to be reliable only to
+ 155. The Cu/N ratio found is 5.07 + about 155. The velue ezlculated for
Cu(CN), is 2.27, th~t for Cuz(CN)g, 4.55. Aecordingly, ve nny conclude
thot, within our experimentnl error, the an-lysis is not inconsistont wita
the conclusion thot the anterisl is tho cuprous comnlex of cyanogzen, vaile
both analysis ond properties are inconsistent with the assunption tht the
natericl is cupric cyanide.

D. Significance of Conbustion in the Preseiicc of Hydrogon,

In our provious report, we loft opern the question of the signific-nce
of the generation of hydrogen “uring the combustion. If all the hpirogon
were burned before the combustion startel, it would serve to nresent o
fresh copper cracking surface to the decomposition producte of the samplo.
Since cuprous cyanogen con be formed fro cupric o:xicde ~nd eycnogen but not
from metallic copror 'nd cy~nogon, & copper eracking surfrce should be wore
cffective in preventin; the formation of this compound, 0z the other

~nd, cny oxygen in the compound itsclf could conecoivably be used in form-
ing cupric oxide from the copper so that hydrogen misht be necesscry to keop
a copper cracking surface almys nvo.ilg.ulo.

if, on the amor mm. tho criticcl itom in the combustion has
nothing to dn with the conpe oracking surfrce ut only with tho proescnee

s
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of water formed by the continuous combustion of hydrogen, then a combustion
performed in thc presence of a good rupply of reduced copper for a crack-
ing surface but without added hydrogen curing the combustior should produce
low results.

In an attempt to resolve this question, several comystions were
performed on BDNP (benzaldehyde dinitro henylhydrazone). Since this containc
nitro groups, it should partially exhaust the coprper cracking surface when
no hydrogen is available to replenish it and should, therefore, provide a
good test of the alternatives. Three cumbustions performed with a copper
cracking surface but without added hydrogen during the combustion gave
values of 19.48%b, 19.55% and 19.40%. an average of 19.48% N, >s agcinst
19.57%, theoretical. This result is not as low as would be expected if
water were necessary during the combustion to destroy cyanogen. It chculd
be recalled that performing the combustior without hydrogen at either timg,
that is neither beforc nor during thc combustion, gives very substantially
low results, around 1&.5%. Thus it appears that the sresence of hydrogen
during the combustion is not essential as long as a copper cracxing surface
is present. This surface may be gencratcd previous to the combustion or
during it in this case. Hcence, we mny concludc that the copper cracking
surface is more important than thce simult:ncous formation of water in the
cambustion.

As will appear in the discussion which follows, brominc also gives
trouble cduring the Dumas cambustion. Thils trouble is =1so overcome with
the use of hydrogen. In this c~s2, howevoer, orienting cxperincents indicate
that the difficulty is greztcr th'n ir the caisc of the nitro compound. A
single combustion vith a copper cracliing surfice hut with no hydrogen dur-
ing the combustion gave 2 voluc of 3.87 instead of 4.61 theoreticcl. A
conbustion with no copper initially at the cracking surface but with
hydrogen generated during the combustion gave a2 v~luc of 4.34 instead of
4.61. Even thc use of hydrogen 2t the r~te ordin-rily used for the uric
acid ~nd BDNP combustions g~ve low rcsults. A diccussion of the solution
to this problem is presented l~ter. It lies in the use of excess hydrogen
both before und during thc combustion. Our theory ic th-t in this casc
cyanogen bromide is farmed which dcstroys thce copper surfoce more etffective-
ly than cither thce nitro group or cyanogen, with the result that cxccss
hydrogen is required to kcep - copper surface constantly clean., Token by
itsell, this experircent mizht seem to indicate th~t the presence of n-gscent
water is the criticzl factor. Talicn in conjunction with the work on the
BDNP, this interprctction does not scem tenable. It would hve been
desirible to confirm this witih more expceriments but more pressing problems
required our ~ttention.

Our generil conclusion from this work is that, for a combustion to
proceed smoothly in the presence of excess carbon dioxide ns carrying gas,
it is necessary to present n constantly renewed met~llic copper cracking
surface at the head of the combustion tube.



E. Carbon Monoxide

Work performed in this laborator;, ovefore the start of this study
led us to believe that carbon dioxide would react witl: cuprous oxide to
produce carbon dioxide and that this reaction would progress dovn the tube.
This conclusion was originaily based upon the followin; experiment: The
tube was filled for the length of the combustion furnice with comnercial
cuprous oxide. This was heated 2nd a1 slow stream of carbon dioxide was
passed over it for a time sufficient to have produced micro bubbles, if
the material had been cupric oxide. The nitrometer was then filled and the
gas farmed was collected. The tube acted zs a gas operator, rapidly filling
the large bulb of the nitrometer. Two icsts were performed upon the gas
to establish its nature. It wvas first shown to be combustible, demonstrating
that it was not nitrogen. It was then shown to reduce pclladium chloride,
indicating that it was probably carbon monoxide. This rcasoning was based
upon the assumpi.on that the cuprous oxide was reasonably pure. It should
be noted, however, that the tests performed did not exclude the possibility
that the gas {formed was hydrogen, evolved due to the presence of come
impurity in the cuprous oxide.

We have now modified this experiment by »rocucing cuprous oxide in
the ccmbustion tube by the reduction of cupric oxide with hydrogen. When
the reduction is carried only parti.lly to completion, a mixture of copper
and cupric oxide is formed. Upor heating this for come time, interaction
takes place with the formation of cuprous oxide. M:terial prepared in
this manner appeirs to be indefiritely stible to carbon dioxide., even at
750°, and we were not ablc to detect the formation of carbon monoxide.
Since thics ic more nexurly analogous to thc materi 1 which would be formed
during a combustion, we are not now inclined to believe th:t cuprous oxide
is capeble of reaction with carbon dioxide to form carbon monoxide.

In spitc of the fact that carbon monoxide doecs not zive the complica-
tions which we earlier believed, it c'n still be thc cause of hizh results
in the Dumas an~lysis. This difficulty con rise when the onds of the
combustion tubc are not sufficiently hot. Incomglete combustion cin take
clace at the sample heater, duc to pertinl voletilization of the sample.
The carbon monoxide cxn then pass over copper in the hottest n:rt of the
tube and arrive at the copper o::ide, where combustion should take pl-ce,
but where it will no*t due to insufficient hecting. Ve observed this
cordition witl. A Fisher furnace heated so that the thermocouple waos held at
750°, The gredient was so great that standard pyrrole grve very high crd
varieble results and NBS dextrose guve 52 mm., of gas in = 2.7 mm. i.d.
tubs. Difficulties of this sort were entirely obviated vhen the uninsul-ted
tube heater wns used.

It should 2lso be pointed out that work prior to this contrict showed
that a tempercture of 750° wc.s necessary to complete the combustion of
methone by cupric oxide. This would not take place if the cupric oxide
wers held in a furncce with n large gradient. As :n ex~mple, the oxime of
pinacolone showed high results a2t 650° and excellent results 2t 750°,
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Ve conclude that it is necessary to use a furnace constructed so that
the internal temperature gradient will be as smull as possible.

F. Work with Metals.

Very few metals may be used in the Dum:s tube. Most of them react
with carbon dioxide tc give cerbon monoxide at these temperatures. Platinum
and copper are notable exceptions and can be used in the combustion tube.
Previous work has shown that iron, cobalt, nickel, nichrome all generate
carbon monoxide. In addition, silver is unsatisfactory, probably because
of tenacious gas adsorption.

Ve have now obtained a few more metals and tested them. Vanadium,
20 mesh, zirconium lumps or titanium lumps, crushed in & mortar, when used
in the tube gave large quentities of 2 gas presumed to be carbon monoxide
because of its combustibility.

Silicon, on the other hand, looked promising. Althou:h a small emount
of cambustible gas was evolved when the whole tube was filled with silicon,
this should be accomodated by a gucrd layer of cupric oxide to burn the
carbon monoxide. Thus the presence of 2 small amount of silicon of the
proper size would probably not be objectionable, providing that it proved
to be useful for some purpose, such as reacting with halogens.

G. Determinations in the Presence of Chlorine.

Our survey of the literature lends us to the conclusion that no
difficulties are to be expected cuve tc the presence of ciillorine. In this
laboratory, we have occasionally had trouble with compounds containing
chlorine but we have 21so a number of examnles of compounds which contain
chlorine which give good v~lucs by the standard Dumas procedure. One
migcht conclude from such experiences that chlorine could give trouble on
occesion. We now know that the proper conclusion is that chlorine itself
is not responsible for the difficulty but ratier the nature of the de-
composition of some samples corntainingz it is such =s to give low results.
This conclusion became the logical onc when we realized that the source
of our difficulties was not in the presence of hetero elements and that
compounds containing only C, H, O, and N could also give difficulty. With
this knowledge, thc samples which give accurate values become the significunt
ones with respect to the behavior of o~ hetero element. Accordingly, we
have not mrde ny systematic studies on compounds containing chlorine but
heve spent our avail-oble time on *he probiew of campownds containing
bromine, which presentod a difficult problem to solve.

H. Determination in the Prescnce of Bromine.

We do not believe that the interference of bromine in the Dumas method
has been clearly described in the literaturc. In various resenrches in this
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laboratary difficulcties haove been encountered in thc combustion of sub-
stances containing both nitroger and bromine. One group of materials

which gave such difficulties was a series of betaine hydrobromides. These
substances were found to have the expected analysis fcr bromine but the
values for nitrogen by the Duwes procedure were low. Until we were aware

of this source of error, difficulty was experienced in the interpretation

of the recults cof research preparations. %t the time, we looked upon the
Dumas procedure as reli>ble and were experimenting with a new procedure for
bromine. When our Dumas analysec gave values which could be interpreted
reasonably and our bromine values did not fit this interpretation, we werc

at first inclined to question the bromine values and to accept the structures
based on the nitrogen deierminations. Further experience showed that the
bromine analyses were the ones which were reliable, that the Dunas determina-
tionc were low and that the chemistry of the compounds did not agree with

the assumptions based on the nitrogen wvalues.

The hydrobromide of glycine betaine gave 5.65%, 5.96%, and 6.62%
instead of 7.05%, thc theoretical pcrcentupe of nitrogen. Bromine values
on this compound were ecxcellent. Consideration of our later results
with uric acid and other compounds witii C, H 0O, and N only led us to the
conclusion that this matericl would not be a suitable reference substance
for the study of bromine-containirz compounds because of the fact that it
doce not possess ¢ reversible melting point. On the basis of our general
criteria, it might bc expected to give low nitrogen valucs cven 1if the
bromine were not present. Accordingly, it would not be possible to draw
from this anrlysis, nor fror thosc on other bectaines, the conclusion that
bromine is itself responsible for interfercnce with the combustion.

As 2 refcrence substance for the determination in the presence of
oromine, we finally chose 2,4-diccrbethoxy-3-methyl-5-bromopyrrole. This
mate ial posscsses a revercible melting noint, is stable and can easily be
prepared in a state of annlytical purity. Its purity can be checked by
analysis for C, H, and Br., We shall refer to this sample as "standard
tromopyrrole",

Our first Dumas determination on st.undard bromopyrrole, performed
several years :go, gave 3.97% instead of 4.61% calculated. A deposit
was noted in the end of the corbustion tube. This deposit resembled the
sublimate later obtained with uric ncid and with mercuric cyanide. It
was decided to atteapt to comnlete the combustion by heating the end of the
tube. This procedurc gave 5.06% instead of 4.61%. Evidently, the rubber
connector had been overheated.

The deposit from the second of thesc analyses wus driven by heat into
the tip of the combustion tube 2nd dissolved out with 1:10 nitric ecid.
It tested pusitive for mlogen and for cuprous ion Wt negative for cupric
ion.

At that time, a sample of p-bromophecnacyl benzoate of imown purity
was analyzed by the Dumas method and gave gas equivalent to 0.5% N. To

RESTRICTED

= L. e Gwe ame rws e Gme e



-— e e e em e o = e

test our present procedure using hydrogen followed by oxygzen, p-bromophenacyl
bromide was murned. This substance coniains 57% bromine. Combustion gave
gases corrresponding to 0.17% and 0.20% N. Thus e marked improvement

had been secured by this modification of the combustion but the result was
rnot entirely acceptable., Seven determinations were then performed on
standard bromopyrrole, following the procedure found satisfactory for uric
acid and for BDNP. Values obtained werc: 4.02%, 4.36%, 3.8%%, 4.10%,
4.29%, 4.07T%, and 4.17%. The average was 4.13% instead of 4.61%. This
represents an unacceptably low series of determinations, with the highest
value still unacceptably low. We were forced to conclude that further
experimenitation would be reguired to find a modification of the method
which would work in the presence of bromine.

One combustion was performed using' no hydrogen but using oxygen generat -
ed at the rate of 0.2 amp. during the entire combustion. The result was
3.71% instead of 4.61% theoretical. We decided that the solution to the
problem lay in the direction of more hydrogen rather than more oxygen.

It has already been pointcd cut that the use of hydrogen before but
not during the combustion gave low results. Ir this experiment, hydrogen
was generated at the rate of 0.25 amp. for 15 mirutcs. The result was
3.87 instead of 4.61%.

The conversc experiment, using hydrogen during the combustion but not
before was also tried. In this, hydrogen wos gencrated at 0.25 amp. for
20 minutes durin; the combustion. Thc result wos 4.34% instead of 4.61%.
This represents a significant improvemcnt. In another variation, the excess
hydrogen was generated at 2 sm-1llcr rote for a longer time, 0.2 ~mp. for
30 minutes. This gave 4.20k instecd of 4.61%. In still another variation,
hydrogen was genercted 2t 0,1 amp., for 10 minutes before the combustion
ond at 0.3 wmn. for 20 winutes during the combustion. The result wos
4.255 inste~d of 4.61%. The aver~ge of these thrce combustions using 2
higher rate of hydrogen generction was 4.266. This rcsult ic prob-bly
eirnificently higher tham that using our stancd-rd procedure. It should
be understood th~t in ench casc, oxygen v:s used to remove the charcoel
after the end of the hydrogen generztion.

Following the clue given above, hydrogen w~s genernted in one ex-
periment ct 0.25 -mp. for 15 minutes before the combustior and at the scme
rate for 20 minutes during the combustion. This experiment gave = wvalue
of 4.52%% insterd of 4.61%. Another run was then made with o preliminary
rate of 0.25 amp. for 15 minutcs followed by 0.3 amp. for 20 mimutes dnuring
the combustion. This give 4.54% instead of 4.61%. It thus appecred that
each iacrement in the hydrogen used gave a better result. Unfortunately,
we were not eble to increasc the rate indefinitely becausc of the limita-
tions of our generator design. The last experimont cited brought the
electrolyte nearly to the boiling point ond represented about the maximm
obtainanle with Whe suzll generatvor in use ct thoat tima.



In order to circumvent the limitation placed upon us by the small
generator, a larger generator was built and sealed int.o the carbon dioxide
delivery tube. This is made of 30 rm. o.d. tubing. To permit wc=king at
smoller mercury heights in the relief assembly, thc electrode on the gas
exit side was placed 90 mm. below that on the relief assembly side. Carbon
dioxide was introduced near the bottom of the gas exit side, -s in the
previous model, With this generator a current of 3 amperes could be m:in-
tained for a few minutes.

The rate of hydrogen generation was stepped up in the new apparatus
to 0.5 amp., and the analysis of the bromo pyrirole went up to 4.5%% 2nd
4.58% instead of 4.61%. These values are considered acceptable.

It was noted that in all comuustions involving this bromopyrrole,
including those which gave acceptable values, staining of the combustion
tube took place. The same phenomenon is observed when cupric bromide is
heated in thc tube and the staining can be ascribed to the volatilization
of cupric bromide. If the filling is removed and the stain hezted in a
strcam of hydrogcn, the color bYecomes that of nctallic copper, providing
further cornfirmation of ’ts naturc. The stain itself is probavly cupric
oxide formed by the decomposition of the cupric bromide. The discdvantage
of having it is that it tends to wealler. the ¢ mbustion tube, probably bty
the formation ol copper silicatc. Thic is = minor disadvantagc, if
accurate cralyses cen be obtained by thc method.

Unfortunately, we have not had cuificient time to run repeated cnalyses
using this new tcchnique 2nd thus o bHuild up @ statistical proof that the
method proposed is reliable., UWc hope to be oble to do this in the next few
months in the 1 :borztory, thuc .:'lzing the m~terial available for publica-
tion.

I. Deternmination in the Presence of lodine.

In the c~sc 3¢ iodine, the possibility cxists of burning the iodine
to iodine pentoxide and thus -~voidin: the difficulties found in the combus-
tions of compounds containingz bromine. To find whether or ot difficulties
would be encountered with an icdine containing compound, two combustions
were performed with 2-iodo-3,5-dic-rocthoxy-4-methylpyrrolec, ~ compourd
vhich melt: reversibly -n. which can e"sily be obt-ined in a stote of
an2lytical purity. Thc results obtcined were 4.00% ~nd 3.99%. The
theoretic-l v-1lue is 3.99%. Accordingly, we m>y conclude that iodine does
not cause difficulty when the combustion is carried out by our new procedure.

Je+ Determination in ths Presence of Sulfur.

In 1884, Victor Meyer rc.crted work with ~n unid entified, unknown,
vol~tile o0il containing §, i, and S, which tested by the Dumas method for
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14% nitrogen. L-~ter work rove-led th-t there w~s no nitrozen in the com-
pound. Meyer proved th~t tha grs evolved w~8s c-rboa monoxide ~nd postulcoted
that sulfur dioxide re~cts with carbon dioxide to produce c~rbon monoxide.
He said thnt the use of lead chrom:.te in thc tube prevented this difficulty.
This observ:tion h~s been repented without further confirm~tion in the anal-
ytical literature.

In the Hopkins lobor-tories, difficulties h-~ve been concountered with
some sulfur-contoining compouncs, rlthouzh oo results have been obtcined
with others. The latter result would not be expected if Mcyer's conclusions
hold under modern conditions of combustion.

rollowing the line of rexsoning employed under the he-ding of chlorine
compounds, we now ~ttrch more importonce to the good results than to the
bad ones. The fact that good results can be obt-inecd incic~tes th-t sulfur
a8 " hetero element does rnot necessarily interferc with the Dumas combustion,
Vhen ~ compound is encountered with which poor results nre obtained, this
should be ~nscribed to difficulties in the combustion duc to other c-~uses
than the presence of the sulfur.

To test thc method of combustion now cmploycel, we burned two scmples
of purifioed dithizone. The rcsultc obtained were, 21.20% ~nd 21.8%%. The
theoretic~l v~luc is 21.86p. ‘¢ conclude thzot the nrescnec of sulfur does
not interferc with our modified Dumas techniquc.
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