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I. IN'I'RODUCTION 

A chemical k i n e t i c  study of t he  thermal decomposition of pure 

Lip'-enyl, one of t he  components of a prospective organic moderator- 

coolant (Santowax X ) , requi res  both the  q u a l i t a t i v e  i d e n t i f i e a t  Ion and a 

t,k quaztitatik-e determinatlon of mierogrm quantl-t.ies of t he  pyro ly t ic  

products 

P ' J T ~ O S ~ ,  gas chr.omat;ography was chosen l a rge ly  because of the  (1) 

Of t h e  various analykical t,eehniquss ava i lab le  fo r  t h i s  

s%m:jlicl%y of sample preparshicra and of +;he overall. m a l y b i c a l  

procedure, (2) r a p i d i t y  of ana lys i s ,  ( 3 )  a b i l i t y  t o  analyze gases, 

l i qu ids ,  and solids with the  same type of equipment, and (4) the  

z 5 i l i t y  t o  d i f f e r e n t i a t e  readi ly ,  i n  many casesJ  between isomers 

The gases .which -were encountered as primary pyro ly t ic  products 

cf Liphenyl a r e  hydrogen, methane, ethane, ethylene, propane, and 

propylene. After passing through a s e r i e s  of cold water arid dry  ice-  

scetone t r a p s  (Fig. l>> t h i s  f r a c t i c n  was col lected I n  a gas sampler 

(ijppjer r i g h t )  by an aut,omatic; Toepler pump. Thls was done during two 

different; v o l a t i l i z a t i o n s  and condensations of' t he  undeeomposed 

bii>?iesryl -to preuez5 fhe loss of produc0sby en%rapent i n  t h e  s o l i d  phase. 

Productis fn t he  condensed &&,e w ? r e  benzene, -the %erphenyl isomers, 

mid several of t h e  quaterphenyl isomers. The benzene f r a c t i o n  w a s  

passeid dawn through the t r a p s  and f i n a l l y  ca l l ec t ed  i n  a small tube 

(righ'c center )  cooled wit,h a dry ice--acetone mixture Acetone 

co:li%;aining o-xylene as RE i n t e r n a l  standard was added t o  t h i s  sample. 

The bulk of t h e  Uzld~ComFosed biphenyl Pernained i n  the U-tube traps. 

'7%:. high bo i l ing  f r a c t i o n  remained tiehind i n  the  pyro lys i s  tube (lower 

_I_ 1.cf-t) and w a s  dissolved i n  benzene, I -+.-.-- 
ii A produet of Monsarjto Chenical Company containing a mixture of t h e  
terpbenyi isomers and biphenyl, 
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2 Reports by Keen e t  a1  ', Moffat and Solmon , and West3 which 

might be of i n t e re s t  t o  the reader deal  w i t h  the  chromatographic 

analysis of biphenyl rad io ly t ic  products, some of which a re  ident ica l  

t o  the  pyrolyt ic  products, 

XI, ANALYSIS OF GASEOUS FRODUCTS 

Exper h e n t  a1 

West 3 and co-workers recommend the  use of 2,4-dhetf.Urlsulfalane 

on f i rebr ick  t o  separate the gaseous products other than the pemment  

gases r e su l t i ng  from the decomposition of biphenyl. However, the  

authors of t h i s  report  were unable t o  achieve the  necessary resolution 

o f  methane and ethane. 

The gas chromatograph used f o r  the  analysis of hydrogen and the  

low molecular weight hydrocarbons w a s  designed and assembled by the  

I n s t w e n t  Department of t h e  Instrumentation and Controls Division at 

Oak Ridge National LaboTatory. 

is shown i n  Fig. 2. 

the t h e m i s t o r  detection blocks i n  s e r i e s  before it reaches the  gas 

sampling section. This section may be by-passed by means of an eight- 

way valve while attaching the  gas sampling bulb. Ln t he  first column, 

the  l o p  x 1/4" O D  $ squalane, the  

permanent gases and methane are unresolved and pass on t o  the l o s  x 
1/4" O D  molecular sieve (Linde 5A)column. The l o w  molecular weight 

hydi-ocarbons, resolved on the  s i l i ca .  ge l  column, pass through detector  

No. 1 and on t o  the molecular sieve column where they are adsorbed 

i r reversibly.  Therefore, it becomes necessary per iodical ly  t o  replace 

t h i s  eolumn. It resolves t h e  permanent gases and methane which a re  

A schematic diagram of the  apparatus 

Tank helium flows through the  reference s ide  of 

column of s i l i c a  g e l  with 3 w t  



-5- 

t MOL. S. 5 A  TRAP 

THERMISTOR CELLS f 

8-WAY VALVE, J \ 
(TOP) ( BOTTCM ) 

UNCLASSIFIED 
ORNL-LR-DWG 73832R 

SlLCA GEL 
WITH 3% SQUALANE, 

\ 

Fig. 2 .  Gas Chromatograph for Gaseous Products 
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detected by c e l l  No. 2- A soap-bubble flowmeter w a s  at tached when 

need-ed lo the e x i t  side of the  cell. 

A t y p i c a l  arralysis of h.eLium carrier gas showed 10 ppm hydrogen, 

20 p p I n  water, 25 p p  nitrogen and carbon monoxide, 4 ppm oxygen, and 

6 ppm. carbon dioxide,  The c a r r i e r  gas was passed through a 1” x 12” 

s t a i n l - e s s  s teel .  pipe IJ-tube filled w f t h .  molecular s 4 e ~ e  (Linde sa) 
for clean-up before en+,ering -the chromatograph, ?“ne eight-way and 

four-way valves used i n  th .e  s y s k e m  were s t a i n l e s s  s t ~ e l .  precis ion 

valves with O-ring s e a l s  Goip~-Mae eo,ns-l;~~nt current power supplies 

(Model- 9399) were used wi%h the thermal conductivity cells. 

l a tLer  were detec-Lors whl ch employed ma%ch:?d. themistors vith 

ap,prox.Fmately 8000 ohms resistafic-,e ., The bridge signal vas received, 

attenuated i f  necessary, m d  p1ot.te.d by a l mv recorder with a 2 see 

full- ,scale respmse All of -the e l ec t rnn ic  equipmen$ w33s eonneeded 

t o  a cons %ant vol.tage transformer. 

b c 

Tlie 

Copper tubing (l/4” OD x LO r 2  cleaned w l % h  acetone) was used 

~ “ O T  cnJmnn.so 

and purged i r i t h  dry  helium at 300 C for at l-east; four hours before <.t 

One was f i l l e d  wi - f .h  30-60 m e s h  molecular sieve (L1nd.e gA) 
0 

, p u t  Into service,  The o t h e r  col.umn w a s  packed 1ight;l.y wiGh 

R i i r ~ e i l  sd inter;-nedia.te activf.t;y- si1.i.m gel which had been heated 

ovemigbt:, at, abmt  250 C and tma ted  with 3 wt 

columns and de tee toy  blocks were conipletely imersed ,  i n  a eonstaijt 

0 % squalane. The 



temperature bath regulated a t  24OC I -I- 0.02°. Detector No. 

cperated with a bridge current o f  4 ma; de tec tor  No. 2 a t  

1 w a s  

6 m a .  The 

c a r r i e r  gas flow rate was maintained at k ml/min w i t h  a helium back- 

pressure of 20 p s i  on the  columns. 

Results and Discussion 

The re ten t ion  times f o r  thr3 permanent gases and l o w  mol.ecular 

:?eight hydrocarbons resolved by t h i s  system a r e  gi.ven i n  Table I. 

Typical chromatografls produced by these gases a r e  shown i n  Fig.  3 .  

The unresolved mixture of permanent gases and methane are the  first 

mater ia ls  e luted from the s i l i c a  ge l  column and appear as a, s ingle 

la rge  peak on t h e  chromatogram. 

sample i s  indicated by t h e  shoulder on t h e  propane peak. The unresolved 

mixture from t h i s  column i s  then rckolved on t h e  molecular s ieve 

column. The presence of carbon moncxide and carbon dioxide implies 

t h e  presence o f  some oxygen during t h e  pyrolysis  of biphenyl. 

t h e  resolut ion of' oxygen and nitrogen i s  incomplete, it is sufficient 

t o  indicate  q u a l i t a t i v e l y  the amount of leakage In the vacuum system 

Su;*-hg sample f rac t iona t ion .  

The presence of carbon dioxide i n  a 

Although 

Standardization cu~ves f"or these  gases were obtained by syringe 

i n j e c t i o n  of the  pure material, 

't:? more reproducible than peak a r e a  measurements. Therefore, p l o t s  of 

mlume vs peak height are presented i n  Figs. 4, 5 ,  and 6 .  

f o ~  these measuremen-ts and their precis ion a r e  l i s t e d  In Appendix A. 

Peak height measurements proved t o  

The d a t a  

In general ,  samples o f  t h e  products from the pyrolysis  oP biphenyl 

contained l e s s  than 5 PI. of each of t h e  gases except hydrogen and methane. 

It was not possible  In these  i m t a n c c s  t o  determine such volumes 



Table I. Retention Times f o r  the Pexmmient Gases and Low Molecular 
Weight Eydrocarbons 

Gas Si l i ca  Gel Molecul.ar Sieve 
Retention Time Retention T h e  

_-- (min) -- .. .- (m-l.n> - 

".$ 

5.1 

6.1 

6.9 

11.5 

18.4 

32-97 
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Fig. 3.  Chromatograms of Gaseous Products from Biphenyl Pyrolysis 
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accurately from t h e  curves shown. Neither was it possible  t o  make 

accurate sample in jec t ions  below 5 pl i n  s i z e  i n  order t o  extend the  

curves. Therefore, it w a s  assumed tha t  t h e  s t r a i g h t  l i n e  function 

continued t o  hold a t  t h e  lower concentrations. Then, t h e  s e n s i t i v i t y  

of t h e  system, defined as t h e  number of sca le  d iv is ions  per  u n i t  volume 

of gas, i s  given by the  inverse of the  slope of t h e  l i n e  f o r  the  

respect ive gas. These values are l t s t e d  i n  Table 11. 

The s e n s i t i v i t y  t o  hydrogen i s  l o w  because t h e  thermal 

conduct ivi t ies  of hydrogen and helium a r e  t h e  same order of magnitude. 

Subst i tut ing argon f o r  helium as t h e  c a r r i e r  gas resu l ted  i n  near ly  a 

50-fold increase i n  t h e  hydrogen s e n s i t i v i t y ,  accompanied by a marked 

decrease i n  s e n s i t i v i t y  f o r  t h e  o ther  gases, of course. By s p l i t t i n g  

t h e  sample i n  t w o ,  one por t ion  can kme analyzed with t h e  maximum 

s e n s i t i v i t y  fo r  hydrogen and t h e  o tker  port ion with t h e  maximum 

sensitivity f o r  hydrocarbon gases. No quant i ta t ive  data with argon 

as t h e  c a r r i e r  gas can be presented a t  t h i s  time, 

Table 11. S e n s i t i v i t i e s  of t h e  Low Molecular Weight Hydrocarbons, 
Hydrogen, and Carbon Monoxide 

Gas CEI:  
3 6  

C H  ‘2’4 3 8  CO CaHg CH4 
Sens l t iy i ty ,  1.72 24.6 28.4 25.8 14.7 18.0 5.58 
d i w/p1 

111. ANALYSIS OF BEND,NE ANT) RELATED HYDROCARBONS 

Experimental 

A n  F and Me Model. 500 gas chromatograph with temperature 

programming w a s  employed i n  t h e  chromatographic analysis  of benzene 

e P and M S c i e n t i f i c  Corporation, Avondale, Penncy1van-i.e. 



amd r e l a t ed  compounds. 'i'he fi lament type  Lhcnnal conductivity c e l l  s 

were used with i3 bridge current of 100 m a .  The s igna l  w i t h  proper 

a t t a m a t i o n  W E S  supplied t o  a 1 mv, 2 see full-scale rcsponse recorder.  

The choice 03 %A+ stationary phase for a column requircd 

spsculat ion of p laus ib le  biphenyl pyrol y t i c  products which boil roughly 

between room temperature and 256"C, the bollfng point of blphenyl, 

From a l i s t  of 20 pos tu labAd products, thc  €ollovlng were chosrn t o  

determinz column efficiency, s tab i l iLy ,  and general s u i t a b i l j  tyo 

'Table Ill'* Plaus ib le  Products of Bipherijll Pyrolysis and Thefr Rrkntrion 
Times on an Apirzon N Column 

0 Boiling Poin t  ---3-- C Reten-bion Timc, m i i i  
I -._II 

Frodiic t 

Benzene 80 14 *'I 

Toluene 

Etbylb enzenc 

111. 

1.56 

A 2' column of s i l i cone  gum rubber d id  n o t  giuc -the desired 

rrsolut ior i  of these compounds, A column af about 30 wt $ 

ApPe~on N gave b e t t e r  resolut ion,  but  "taflfng" of Lhe peaks w a s  

f a i y l y  severeo Cabowax 6000 (2  Wt. $> was added t o  reduce this ef fec t .  

A t  t h e  sa.mtj time the  solvent Pol- these compounds wzs changed from 

tz Lrahyd rofuran Lo ace tone because 1 , k  f u i m e r  could no! b s  s s t f s f a e t o r i l y  

resolved f r o r u  benzene These thio modifications irqt roved considerably 



t h e  geometry of t h e  e a r l y  appearing peaks. The r e t en t ion  times a r e  

given i n  Table I11 when using this column with a helium c a r r i e r  gas 

flow r a t e  of 30 rnllmin and a temperature of 75OC for 5 m i a ,  then 

programming from 75 t o  200OC at a r a t e  of y0C/min. Unfortuwtely,  t h e  

components e luted with t h e  longest r e t en t lon  times produced r e l a t i v e l y  

f l g t  peaks. 

higher temperatures were unsuccessful due t o  "bleeding" of t h e  Carbowax. 

Therefore, work was discontinued with Chis column, Descriptions of 

the  column and conditions found most s a t i s f a c t o r y  f o r  t he  desired 

purpose follow. 

Ef fo r t s  t o  reduce t h e  r e t en t ion  times by operating at 

Cleaned cqpper tubing, 1/4" O D  

35-60 mesh Chromosorb P containing 70 w t  $ Apiezon 1; and 2 w t  

Carbowax 2QM as t h e  s t a t iona ry  phascs. The column packing w a s  

prepared by mixing t h e  s o l i d  support with an ethanol so lu t ion  of t h e  

Carbowax 2OM, drying under a heat lamp, mixlng with a benzene so lu t ion  

of Apiezon L, and redrying with t h e  heat lamp, 

only l i g h t l y  while f i l l i n g  t o  prevent t h e  necess i ty  f o r  using a high 

back-pressure during column operat ion.  

x 6 '  i n  length,  w a s  packed with 

$ 

The tubing w a s  tapped. 

Helium served as t h e  c a r r i e r  gas with a flow rate of 30 rnl/min 

through the  measuring s i d e  of t h e  de tec tor  and approximately 15 m l / m i n  

through t h e  reference s ide .  The in j ec t ion  po r t  and de tec tor  block 

temperatures were about 250 C, 

fron 125 t o  250OC a t  a rate of ll°C:/min. 

0 The column was temperature programmed 

A staqdsrd so lu t ion  of t h e  components dissolved i n  acetone was 

stored s a t i s f a c t o r i l y  f o r  weeks i n  a 2 5  ml graduate t o  which a 'I'ef'lon 

bore stopcock W ~ S  sealed. A s i l icone-rubber  septum covered t h e  shor t  



ent ry  arm of the  s-togcock. The stopcock was opened only during sample 

removal. Samples of t h e  solutions %ere introduced t o  the chromatograph 

by syrlnge in jec t ion .  The reproducibili-ty- of s.xmple in j ec t ion  was  

bes t  when using a gas syringe and measuring the solution volume with 

a l l  of t he  l i q u i d  i n  t h e  barrel.. A pocket of aii- between the  so lu t ion  

and the  pl-unger permitted comple%e ~ x q i i l s l o n  o f  the syringe p s  contents 

in to  the in,jection por t .  If t h i s  was not done, s o h t i o n  remainlag i n  

t h e  needle a f t e r  i n j ec t ion  was p a r t i a l l y  vaporfzod i n  -Lhe hot in j ec t ion  

port. The f r a c t i o n  vaporized w a s  vzr iab le  and not measurable, r e su l t i ng  

i n  poor prec is ion .  

The sources of chemicals used vere: benzene and. toluene - MaJ.J.ln- 

ckrrzdt Chem.Fcal Vorks; o-xyl.ene and t e r t  -butylberizene - Mathhesou, 

Coleman, and B e l l ;  ethylbenzene, plaen.yl.acetylene, n--propylbenzene, 

L-butylbenzene, and phenylcbclabezmue- Eas tman Organic Chemicals; 

pu r i f i ed  13 lphenyl - Ca,l.ifornia Research Corporat iaa 

A Perkin-Elmer p r in t ing  in tegra tor  Model 1.911 messured the peak 

areas of t h e  componen%s. I-t has a pm-ixbed. output, of 6000 sounts/min. 

Results and Discussion 

The rcterrt>ion t i m e s  Por benzene and rels.ted hyrlroca-sbon.~ on the 

Apfezon L eolluim under t h e  conditioris s ta fed  above are 3-isted I n  

Ta.ble I V .  

A typfcal  chromatogram of these materials dissolved i n  acet,one 

is shown -fn F' lg.  7 .  

ben.z,ene was t h e  only one of these compaimd.s produced i n  d.ete@table 

0 mount  upon. pyrolyzing pure biphenyl. at 425 C .  

to serve as the  in t e rna l  s tmdard .  during the determination of benzene. 

o-,Xylene was chosen 



Table IV, Retention Times f o r  Benzene and Related Compounds on 
Apiezan L 

0 Compound Boiling Point, C Retention Time, min 

Benzene 80 4.0 

Toluene 

o-Xylene 

111 

144 

6 . 2  

9.0 

PhenylcycLQhexane 239 20 .o 
Biphenyl e54 22.7 

- 
Therefore, quan t i t a t ive  measurements were made only on standard acetone 

wlut ionq of these  two compounds. The concentration of the o-xylene 

su iu t iop  w a s  10.8 pg/pl; t h e  benzene solut ion,  likewise, wa$ 10.8 pg/pl. 

Standardization curves for these  so lu t ions  are presented i n  Fig. 8. 

The curves show t h a t  the accuracy of t h e  peak a rea  measurements 

is somewiiai gr.e&er* ihan iiiai UT t h c  peak iieigsiii Tor. both compounds. 

Tile prec is ion  of the  data, obtained from the r e s u l t s  i n  Appendix B, 

ai30 favors t h e  use of pqak a rea  mezsurements as seen In  Table V. 

Table V. Deviat,ion of Pdak Height s.nd Peak Area Measurements for 
Benzene and o-Xylene 

Coqound Deviatign, ave. 
Peak Height. Peak Area 

-k 1,2 
I 

-t 2.6 Eenzene I 

+ 1.2 - + 1.6 o-XjTlene - 

The area ca l ib ra t ion  f a c t o r  f o r  benzene w i t h  o-xylene as t h e  

stwdard i s  defined by: 

E;3 = ca l ib ra t ion  factor f o r  bertzene 
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... a- 

lJb = weight of benzene 

% = area o f  benzene peak 

W 1 weight of o-xyl-ene 
X 

A. = area of o-xylene peak x 

Frcm the slopes of +,he stmd.;lrd curves, 009.35. 

sv. ANALYSIS OF PCJI~YPrnUYJ, rT~M?O-ml)S 

lixpex- -P,meatEiL 

Ansiysis of the residue or" polqmcric matcrlals resiili;.Eng L"rom {,he 

radiolysis of terpficnyl f s m e - r s l  shoved the  presence of sfgnff ican% 

q~iant-itfes of higher polyphenyl compounds Tnereforc, Lht. assumpt-fon 

was made tha t  anal ogoi-ls or identical  pol yphenyls would b~ produced 

dur ing  the pyrolysfs 0% biphenyl, The experimental procedure adopted 

was based on t 4 h i s  ttssumpt,ion, 

An F and M Model 500 gas ckromatograph w i t h  t,eq:~sa-tur=e programming 

was the instrument used for  these determinatlonso The filament typc. 

thtmnal conductivity cells were operated- at a brldge current of 100 ma. 

The signal from t h e  ecl ls ,  properly att*enuated, was received and 

r-gtstered by a 1 mv recordel- TJII-EC~ had  a 2 SPC full-scale response. 

An fn iLia l  akternpt w a s  made to use a high-temperature colurrm 

consisting of 30 wt 

and potassium n i t r a t e s  (18,2:~4,b:2'j(03 wt, $1 on ':hi-ornosorb P o  It; 

has been stated J,'na;t t h i s  column operates s a t i s f a c t o r i l y  abovp the 

melting point of tile sal-t, eu tec t ic  (150 C> t o  as high ;t Lerirperature 

as desired e Bowcver, base1 i n e  i n s t a b i l i i  J m d  Ilquid phase decomposition 

w i t h  i,be evolution of N 0 weloe encountcred u t  t h ~  temperatures 

requii"ed f o r  opc-ratiort- The~efore,  the? particular @oIi~ua7l and operating 

$ o f  the ei.&eef,ic composif,ion of l i t h i m ,  sodtwrr, 

4 

0 

2 4  



conditions subsequently adopted are presented below. 

H e l i u m  cons t i tu ted  t h e  c a r r i e r  gas at a flow rate of 30 ml/min 

through the  measuring s ide  of t h e  de tec tor  block and approximately 

15  ml/min through t h e  reference s ide .  

w a s  about 315'C and t h e  de tec tor  block about 350°C. 

programmed at 1l0C/min from 200 t o  .'i50°C. 

The chromatographic e o l m  was a 12' length length of l/4" OD,. 

The in j ec t ion  port temperature 

The column w a s  

s t a i n l e s s  s t e e l  tubing, f r e s h l y  c l e a e d ,  packed with x) w t  $ 

l i th ium eblor ide on 35-83 mesh Chromosorb P. 

by dissolving t h e  desired quant i ty  of l i thium chlor ide i n  water, 

int imately mixing t h e  so lu t ion  with t h e  s o l i d  support, drying under a 

beat lamp, and f i n a l l y  heat ing i n  a muffle furnace at  750°C f o r  abouC 

one hour t o  fuse  the salt onto t h e  :-upport. 

The packing w a s  prepared 

2 

Standard so lu t ions  of t h e  polyyhenyl compounds were prepared with 

benzene as t h e  solvent and s tored i n  containers  described in  t h e  

previous sect ion.  Samples were in jec ted  i n t o  t h e  chromatograph, a lso,  

as described e a r l i e r .  

Eastman Organic Chemicals w a s  the source of supply f o r  0- ,  m-, and 

p-terphenyls. K and K Laboratories, Inc.  w a s  t h e  suppl ie r  f o r  o-quater- 

phenyl, and 1,3,5-triphenylbenzene * m,p-Quaterphenyl was obtained 

through the  courtesy of F. L. Howarcl, Pure Substances Section af the 

National Bureau of Standards a 

A Model 194 Perkin-Elmer p r in t jng  in t eg ra to r  with a pr in ted  

output o f  6000 counts/min was used f o r  peak area measurements, 

R e s u l t s  and Discussion 

The ret ,ention times f o r  several. polyphenyl canpounds on a 12l-20 

Wt '$ L X l  column, operated under the conditions given above, are 
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presented in Table V I .  

I t  should be Foint,ed out khat only  sm.ll qua.nnl;ities of  o-quater- 

phenyl. xnd m-terphenyl were  resolved on t h i s  col~uuz-,, Mixtures af 

these two campounds contatning more than about 83p.g af a-quateqhenyl  

appeared on Lhe chromatogram as a sing1.e sharp peak, The order i n n  

w h i c h  t;hese LWG compounds were eluted from Lhe column was oyposEte 

k h a t  l-eported by Mcjffat and Solomonc2 

e s t a b l - i s b e d  In our case by increasirig the concentration ~df m-t,erpbenyl 

i a  a n  acetone solut ion of t h e  two coaipounds mil noting w h i c h  peak 

hrigh:. increased during analysts, 

The order of e lu t ton  vas 

A chromatogram of thc polypht-syl fract-ion of biphenyl pyrolytic 

produr+,s is shown i n  Fig. 9. Peak 3 !  vas shown to be  due t o  thr 

P-rcSsmcc o f  m-tprphenyl since analysis of small sainxil e6 i r~dicated 

tkc abscncc of G- quai ryhenyl 

~ ’ e t e n t j o o  + , i m e s  of [PI- a n d  p-tel-phenyl w3s rclatfvcly s m a l l ,   the^ w a s  

Although the difference between the 
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Fig. 9.  Chromatogram of Polyphenyl Compounds 



sufficient t h e  for c o q l e t e  resoli l t ion of -these peaks under the 

operating conditions used However, the relxntion times f u r  m-quater- 

A .  resolve these tdwo con~pounds on this calm, Emee, i t  cannot  be 

The preparation of two dTfferentA standard solut ions of t h e  poly- 

phenyls w a s  d ic ta ted  by t h e  s i m i l a r i t y  i n  wt.ect,fora t imes for sonie of 

thr compounds. The conposition and- concrntra.t ion of these s01ut;ions 

are given i n  Table  VII, 

Table  VII- S-kand8,s-d Solutions o f  Polyrjhenyls i n  Benzene 
-I___. I__) - ...l__lll...- yII- ^_. 
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Fig. 10. Standardization Curves f o r  Biphenyl, o-Terphenyl, and m-Terphenyl 
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In general ,  t h e  curves drawn from a rea  measurements a re  much 

nearer a s t r a i g h t  l i n e  re la t ionship  than is  found for t h e  peak height 

da ta .  

can be given f o r  t h e  deviat ion from l i n e a r i t y  which occurs at low 

concentrations i n  t he  awa plots for  some of the  polyphenyls. 

This i s  i n  agreement with Johns v 5  f indings No explanation 

The area ca l ib ra t ion  f a c t o r s  fcr the  polyphenyls, r e l a t i v e  t o  

biphenyl, are l i s t e d  i n  %'le VIII. 

previously (p.  19). 

They were cal.@ulated as indicated 

Table VIIJ. Polyphenyl Area Cal ibrat ion Factors 

Compound F 

Biphenyl 1.00 

c -Terphenyl 1 .14 

a-Terphenyl 1 .12 

p-Terphenyl 1.09 

1,3,5-Triphenylbenzene 1-51 

m-Quaterphenyl 1.14 

m,p-Wateqhenyl 1.30 

It should be understood t h a t  these  f ac to r s  can be applfed only 

wnere a l i n e a r  r e l a t ionsh ip  e x i s t s  ketween peak area  and amount of 

t he  p a r t i c u l a r  polypkenyl. 

v ,  S W B Y  

Gas chromatographic procedures a r e  given fo r  t h e  quant i ta t ive  

deiermination of' hydrocarbon products obtained upon pyrolyzing biphenyl. 

The low mol ecu:Lar weight hydrocarbons, hydrogen, and carbon 

monoxide were resolveci on a 10* colcmn OP silica gel9 with 3 w t  $ 

q u a l a n e ,  i n  serlies with a 10' colwra of 50-60 mesh nclecuxar sieve 
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range of 10 t o  120 micrograms for t he  terphenyls and 40 to 210 rniero- 

grams of the quaterphenyls. 

in general .  

The prec is ion  of t he  da ta  w a s  - + 2$, 

1. 

2. 

3. 

lc. 

5. 
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VII. APPENDIX A 

Standardization Data for Low Molecul.ar Weight Hydrocarbons, Hydrogen, and 
Carbon Monoxide 

Me thane 

91.0 
87.5 
75 .o 

50 .0 

60 -0 

Average 84.5 

107 

143 
1-35 
1-34 

80 .o 

100 

Average 137 

1-72 

1.69 

1.78 

0.05 

0.04 

1.72 0.02 

1.72 0.02 

+ 0.02 - Average 1.74 

1-23 24.6 0.2 
5 .O 

10.0 272 
260 

1.8 Average 266 26.6 

330 
340 
368 
370 

sg .O 

20.0 

Average 355 

480 
5 a  

Average 500 

25 .o 580 
630 

Average 605 

23.5 1 .3  

25.0 0.2 

24.2 0.6 

+ 0.08 - Average 24.8 
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Conipound Volume, p1 Peak Heigh-t, Peak Height/ Deviation 
ul scale divisions 

5 -0 145 29.0 0.3 
Carbon Monoxide 

10 .o 270 
285 

Average 278 27.8 0.9 

15 .o 1154 
470 

Average 463 30 -9 2.2 

27 * 5 1.2 30 .o 825 

50 e o  llc20 
1430 
1396 

Average 1419 28.3 0.4 

-t 1.0 
I 

,\verage 28.7 

Ethane 

1.0 -0 

30 00 

252 
270 

Average 261 

790 
'758 

Average 774 

40 .o 10 40 

26.1 0.4 

25.8 0 -7 

26 .o 0.5 

50 ,o 1296 
1300 

Average 1298 26 .o 0 .5  

,\vera,ge 26.5 - + 0.8 



Compound Volume, pl Peak Height, Peak Height/ Deviation 
scale  divisions 1-11 I_ 

Ethylene 5 *o 65.4 
77.0 

14.2 0.3 Average 71.2 

14.1 0.4 

13.5 1.0 

Average 141 

15 .o 
eo .o 30 5 

517 

15.6 1.1 Average 311 

25 .o 350 
386 

14.7 0.2 

14.9 0.4 

Average 358 

30 .o 443 
450 

Average 447 

40 .O 597 
570 

14.6 0 . 1  Average 584 

Average 14.5 - + 0.5 

Pronane 

10 .o 180 
170 

Average 175 17.5 1 .o 

18.8 0 * 3  20 .o 376 

30 .O 5 20 
546 

Average 533 
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c OlllP ound Volume, yl Peak iIe igl i t  , Peak He fght / Deviat ion 
scale  divisions P l  

Propane 40 .O 
(cont . ) 

Propylene 5 -0 

10 .o 

30 .o 
40 .O 

50 .o 

Average 

Average 

Average 

Average 

735 
690 
70 5 
686 

'70 4 

live rage 

34.5 
32.5 

33.5 

60 .o 

172 

208 
23 5 

222 

268 
273 

271 

Average 

17.6 

18.5 

6.70 

6 .oo 

5.73 

5.55 

5.42 

5.88 

0.9 

+ 1.0 - 

0.82 

0.12 

0.15 

0.33 

0.46 

D i- 0.38 



-35- 

VIII. APPElvDIX B 

Standardization Data for Benzene and o-Xylene Using Apiezon L Column 

Compound Weight, pg Peak Height, Feak Area, 
seal r divisions counts 

+Xylene 54.0 29.8 
29.6 
3:L 0 

.Benzene 

81.0 49.9 
47.7 
48.3 

108 e 0 

162.0 

37.8 

59.4 

81.0 

Average 48.6 + 8.3 (-t 1.7%) - - 
6:~. 3 
60.6 
62.1 
553.8 

Average 61.0 + 7.5 (+ 1.2%) - - 
95 .6 
97.8 
94.0 

Average 95.8 + 1.3 (+ 1.4%) - - 
31.6 
2'7.6 
31.7 

Average 30.3 + 1.8 (+ 5.9%) - 
4:2 . 0 
42 D 4 
42.1 

Average 42.,2 + 0.2 (+ 0.47%) - - 
515~8 
60.5 
59.2 
58.0 

57.1 

601 + io (+ 1-.77:) - - 

962 
931 
952 

1210 
1.246 
1211 
1216 

1221 + 13 (+ i.i$) - - 
1871 
1835 
1865 

453 - + 6 (1-.3%) 

71.0 
734 
722 

977 
949 
10 13 
998 
gGo 
942 



Compound Welight, pg Peak Height, Peak Area, 
scale d ivPs ions counbs 

Benzene 113.4 80.4 
(cont . ) 82.9 

81+. 2 

1390 
1485 
1-379 

Average 82.5 .- + 1.4 (+ - 1.7%) 1385 - + 4 (0.29%) 

124.2 83.8 
83.4 
87.0 
93.. 4 
85.4 

1522 
1497 
1568 
15 48 
1535 

Average 86.2 I + 2.4 (+ - 2.8%) 1534 - + 20 (+ - l..3$) 



IX. APPEIDIX C 

Standardization Data for PoILyphenyl Materials Using LiCl Column 

Compound Weight, pg Peak Height, 
- scale divisions 

Peak Area, 
counts 

Biphenyl 8.91 9.0 1-15 

29.1 

51.5 

73 -9 

96.3 

3'70 
373 
376 

Average 29.9 + 0.03 (+ 0.1%) 373 + 2 (+ 0.54$) - - - - 
649 
650 
653 
6 41 

Average 52..9 - + Oe5 (+ - 0.95%) 648 - + 4 (+ - 0.62$) 
69.7 
69.8 
69.6 
r[o. 2 

944 
916 
946 
,942 

937 + 11 (+ 1.2$) - - Average 69.8 - + 2 (5 0.29%) 

1248 
1243 
1211 

Average 84.3 - + 4 (0.47%) 1234 I + 15 (t - l .25) 

o-Terphenyl 9 A 2  - 96 

314 3 

55 * 3  

24.6 
24.1 
24.9 

342 
329 
350 

46 e 6 
l+6 e 6 
44.4 
45.7 
1+7.0 

615 
600 
612 
60 6 
613 



Compound Weight, pg Peak Height, Peak Area, 
scale divisions counts 

o-Tei-phenyl 79.4 
(cont . ) 

103.4 

69.0 
6'7.3 
68.9 
68.7 

Average 68.4 + 6 (+ 0.9%) 
_I - 

85.1 
85.6 
85.4 
83.3 
85.3 

Average 84.9 + 7 ( - t .  0.8%) - - 

rn-Terphenyl 14.1. 7.4 

lc6.0 

81.3 

116.7 

29.0 
27.5 
28. I 
28.5 
29.7 

Average 28.5 - -1- 0.6 (+ - 2.1%) 

57.5 
57.2 
57.4 
5'7.5 

Average 57.1~ + 1 '(+ l.'($) 
I - 

85.4 
84.2 
84.4 

0.5 (+ - 0.6%) 

84.1 
02.8 

Average 83.5 - + 0 

9 40 
896 
960 
937 

933 + 1-9 (+ 2.0%) - __. 

1165 
11.97 
1137 
1.115 
1140 

443 - -1- 14 (+ - 3.2%) 

838 
844 
831 
84 j 

811.0 + 5 (2 0.6%) -. 

1306 
1313 
1325 

1315 2 7 (+ om:$) 

1260 
1243 

7 (2 0.8%) 1252 -t g (t OJ$) .- - 



Peak Height, Peak Area, Compound Weight, pg 
scale 6ivisions counts 

l,?, 5-Triphenylbenzene 

20.2 3.3 

65.8 

116.4 

167.0 

217.6 

p-Terphenyl 59.8 

1.4.0 
1.4.4 

1.4.5 
1.k 4 

- 

Average 14.zi + 0.2 (+ 1.4%) - - 
5i1.3 
:i2. 8 
3 . 7  
30.9 
31.7 

Average 48.3. - + 0-2 (+ - 0.4%) 

59.8 
62.3 
t i l #  1 
62. 1 
61.0 

Average 61.:: I + 0.6 (+ - l . e O $ )  

42.4 
41.. 5 
41 5 
4.2.6 

Average 42.0 + 0.5 (+ 1.2%) - - 
85.8 65 .o 

65 .o 
65 .o 
64.9 

146 

1039 
10% 
1.000 
10 96 
10 23 

1049 + 34 (2 3.2$) - 
1694 
1600 
1625 

1640 + 36 (+ 2.2%) - - 
2139 
2285 
2188 
2231 
2188 

2206 + 41 (+ 1..9$) 

680 
695 
682 
691 

L ,I 

687 + 6 (-1- o.g$) - I 

10 31 
10 L'7 
990 
10 45 

Average 65.0 + 0.03 (+ 0.05%) 1021 + 17 (I: 1.7%) - - - 
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C orq~ ound Weight, pg Peak Height, Pe8.k Area, 
scale  divisions counts 

II- 

p - Terphenyl 11~~. 8 84,8 
(cont e ) 84-7  - 

83.4 
83.2 

Average 81-1.0 - + 0.7 ( -I-  - 0.8%) 

137.8 92.5 

m-Qiiaterphesiyl 58.1 14,9 

13.4 
1.3 0 3 

Average 15.9 - + 0.7 (+ - 5.0) 

83.3 26.6 
26.1 
27.3 

Average 26.7 - + 0.4  (+ I 

108.6 38*3 
37 -0 
37.4 

Average 37.6 I_ + 0.5  ( t  I 

133.8 46.4 
1.59.1 

209.6 63.9 
62.0 
63.6 

1.5%) 

2.4%) 

13 43 
1318 
13 1.9 
1558 
1321 

1589 

490 
495 
493 
471 

489 -1- 7 (+ 1 . 4%) - I_ 

811 
820 
832 

821 - + 7 (+ - 0.9%) 

10 96 
1082 
1094 

iogi. + 6 (+ 0.5%) - - 
13 41 
1528 
1580 
1462 
1606 

1850 
1780 
1800 

3%) 1-810 -1- 27 (+ 1.5%) - I_ 



*.!kl.. 

Compound Weight, pg Peak Height, Peak Area, 
--- scale divisions counts -- - - 

m,p-Quaterphenyl 27.5 

39.4 

51.4 

63.3 

75.3 

99.2 

118.3 

3.2 
3.1 
2.8 
2 7 
2 .6 

Average 6.0 - + 3 (+ I 5.0%) 

9-9 
Ei.4 
9-9 

Average 9.4 - + 0.7 (+ - 7.4%) 
12.7 

15.6 
lj+. g 
11-J 
16.1 

Average 15.2 + 0.6 (+ - 3.9%) 
19.2 
18.6 
IC,) * 2 

Average 19.0 - + 0.3 (+ - 1.6%) 
24.8 
26.3 
27.1 
25.9 

Average 26.0 I + 0.7 (4- - 2.7%) 

167 
1.36 
1.12 
142 

260 L + 27 (+ - 10.4%) 

407 
385 
400 

531 

620 
635 

682 
- 

771- 
731 
737 

746 - + 16 (+ - 2.1%) 

1038 
1079 
10 44 
1052 

1053 + 13 (t. 1.2%) - P 
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