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PRELIMINARY RESULTS FROM SECOND-DERIVATIVE ABSORPTION 

SPECTROMETRY APPLIED'TO MONITORING OF PNA* 

A. R:Hawthorne and J. H. Thorngate 
Health and Safe ty  Research Division 

Oak Ridge National Laboratory 
Oak 'Ridge, Tennessee 37830 

Second-derivat ive UV-absorption spectrometry shows considerable  - 
promise a s  a means of  monitoring t h e  more v o l a t i l e  polynuclear  aromatic 

compounds (PNA1s) i n  t h e  vapor phase a s  well a s  t h e  higher b o i l i n g  point  - -- - -- 
PNAs dissolved i n  a so lvent  such a s  cyclohexane. This  technique provides 

--- _ _ 
considerable  improvement i n  s e l e c t i v i t y  ofmaryow-band absorpt ion  peaks 

-------- - - 
r e l a t i v e  t o  d i r e c t  absorpt ion  spectrometry. . Figure 1 i l l u s t r a t e s  t h e  

enhancement c a p a b i l i t y  o f  second-derivat i v e  spectrometry f o r .  narrow 

absorpt ion  peaks. When coupled with d i g i t a l  d a t a  ana lys i s ,  such a s  
-I--- -- - 

l i n e a r  l eas t - squares  f i t t i n g ,  t h e  s e l e c t i v i t y  is s u f f i c i e n t  t o  analyze 

a c c u r a t e l y  a r a t h e r  complex mixture of  PNA compounds without p r i o r  
-/i-- -- 

chromatographic separa t ion .  

D e t a i l s  of  s.econd-derivative spectrometry and of t h e  wavelength 
. . 

modulated' commercial instrument u s e d  i n  t h i s  work may be found e l  s.ewh.ere. 0-51. 

Simply s t a t e d ,  t h e  technique invo lves ' s inuso ida l  modulation of t h e  

l i g h t  source and de tec t ion  o f  t h e  second. harmonic o f  t h e  modulation 

frequency, which i s  propor t ional  t o  t h e  curvature  of t h e  sample ab- 

s o r p t i o n  peak. The r e l a t i o n s h i p  between the'measured s i g n a l  and con- 

c e n t r a t i o n  is l i n e a r .  over a wide, range. 

Wen t h e  v a r i a t i o n  o f  measured response with concentra t ion  i s  constant  

a s  a funct ion  of ,wavelength.  f o r  a l l  ths'compounds i n  a sample mixture, 
. .  . 

t h e  powerful technique of  l i n e a r  l eas t - squares  a n a l y s i s  us ing  component 
. . 

*Research sponsored by t h e  Energy Research and Development.Admi,nistrati,on 
under con t rac t  with ~ n i . o n  carbide  Corporation. 



s p e c t r a  can be applied t o  ob ta in  an accura te  ana lys i s  of  a  r e l a t i v e l y  

complex mixture of PNAs. This  requirement f o r  concentrat ion propor- 

! . .  

t i o n a l i t y  with wavelength is met when t h e  absorbance of  a l l . t h e  compounds 

1 i n  t h e  sample i s  small (A<<l) o r  when t h e  measured response has been 
I 

proper ly  modified a s  discussed i n  r e fe rence  5. In  order  t o  apply t h e  

l eas t - squares  method t o  t h e  s p e c t r a  obtained from a wavelength modulated 

spectrometer ,  t h e  analog output  s i g n a l s  must be d i g i t i z e d  f o r  input  t o  a  

d i g i t a l  computer. 

Experimental measurements were made with a Lear S i e g l e r  SM400 

1 I 
d e r i v a t i v e  spectrometer.  The instrument i s  a wavelength modulated, 

I 
second-derivat ive UV-absorption spectrometer equipped with a heated 1 - m  

" I 

mult ipass  (up t o  32-m pathlength]  sample c e l l  f o r  monitoring vapor . :* 
' -  

phase pollutants . ,  and a sample holder  f o r  analyzing l i q u i d  samples us ing  
. , . .  

a' qGArtz cuve t t e  [see Fig. 2) . . I n i t i a l  measurements indica ted  t h e  

d e s i r a b i l i t y  of  recording and analyzing t h e  s p e c t r a l  d a t a  us ing  d i g i t a l  
.-_. . . 

\ _==UP____I 

techni,ques ins tead  of-the analog s i g n a l s  and a c h a r t  recorder .  By us ing  

d i g i t a l  d a t a  s to rage ,  t h e  use fu l  dynamic range o f  a  s i n g l e  scan was 

increased so  t h a t  both in tense ' and  weak peaks could be  meaningfully 

obtained i n  t h e  same measurement. D i g i t a l  d a t a  s to rage  a l so .a l lowed  

: repeated  scanning t o  p-ovide spectrum averaging, 'which .improved t h e  

s igna l - to -no i se  (S/N) r a t i o  and, i n  addi t ion ,  permit ted d i g i t a l  d a t a  

. . a n a l y s i s  by least- 'squares f i t t i n g .  

. . Data were d i g i t i z e d  by coupling th.e' analog output  o f  t h e  spectrometer  
L 

. t o  a  voltage-to-frequency conver ter  (V/F) and counting t h e  output  o f  t h e  

V / F f o r  f ixed  time i n t e r v a l s .  This procedure a1s.o decreased .noi'se by 



I providing some i n t e g r a t i o n  of  t h e  s igna l s .  The important parameters f o r  

I t h e  V/F were l i n e a r i t y  (0.05%) and maximum frequency (100 kHz). When 
! 

t h i s  method i s  used t o  d i g i t i z e  da ta ,  t h e  dynamic range and recording 

I 
! t ime a r e  i n t e r r e l a t e d  and depend upon t h e  maximum frequency of  t h e  V/F. 
! 
I 
I A multichannel analyzer (MCA), opera t ing a s  a multichannel s c a l e r ,  
! 
1 recorded t h e  d i g i t i z e d  s i g n a l s .  Dynamic and wavelength range were 

con t ro l l ed  by t h e  dwell time chosen. Data from t h e  MCA were recorded on 

a t e l e t y p e  t h a t  a l s o  pr0vided.a  punched paper t a p e  f o r  d a t a  s to rage  and 

f o r  input  t o  a ' t ime-share  computer. 

Calibrati 'ons o f  t h e  instrument f o r  both vapor phase and . l i q u i d  

s o l u t i o n  analyses were performed. .The des l red  vapor concentra t ion of  a 
. . 

compound was. generated by us ing a pump-drfven syr inge  f . i l l e d  with a 

known concentrat ion of t h e  compound dissolved i n  cyclohexane and in -  
. . 

I. - .  

j&thg ar a known f l o w  r a t e  i n t o  a h e a t e d  l n l e t  l i n e  t o  t h e  mult ipass 

sample c e l l .  The compound was yaporized'and d i l u t e d . t o . . t h e  des i red  . 

concentrat ion i n  a i r  by flowing heated a i r  over t h e  end of  t h e  syringe.  

The concentrat ion could be v a r i e d  by changing t h e  i n j e c t i o n  r a t e  and/or 

t h e  flow r a t e  o f  a i r .  For l i q u i d  ana lys i s  us ing t h e  quar tz  cuvet te ,  

samples of  des i red  concentrat ion were obtained by repeated  d i l u t i o n  of  a 

known concentrat ion o f  t h e  compound i n  spectrograde cyclohexane prepared 

by d i s so lv ing  an accura te ly .  measurable amount cabout 1. mg)_ of t h e  com- 

pound i n  t h e  solvent .  This procedure o f  .repeated d i l u t i o n s  .undoubtedly 

added some inaccura=y and imprecision t o  the' l i q u i d  ca l ib ra t ion . samples  

o f  low concentrat ion.  A s i n g l e  d i lu t i .on ,  however, t o  produce concentra- 

t i o n s  of a few' ng/ml would consume an extravagent amount of .  .spectrograde 

so lven t .  



1 Data a n a l y s i s  was performed using t h e  l i n e a r  leas t -squares  procedure 

previous ly  ou t l ined .  A PDP-10 time-share computer was used t o  run 

t h e  leas t -squares  computer program. 

Figure 3 shows a t y p i c a l  c a l i b r a t i o n  curve obtained using t h e  1-m 

sample c e l l  t o  measure vapor phase naphthalene. Naphthalene is  an 
-+ -s/* =- - - - - . - -= - - -  --- 

abundant cons t i tuen t  of  coal  t a r  and h a s  an Occupational Health and 

Safe ty  Administration (OHSA) concentra t ion  l i m i t  of  10 ppm when present  

i n  t h s  gas phase. These measurements were made using a 12.-m pathlength 

and a heat ing  jacket  around t h e  sample c e l l  t o  prevent condensation i n  

t h e  chamber. The p r i n c i p a l  absorption peak f o r  naphthalene occurs a t  

222 nm and can r e a d i l y  be measured by means of  e i t h e r  analog recording 

and graphica l  d a t a  a n a l y s i s  o r  d i g i t a l  da ta  s to rage  and <l.east-squares'  
. . 

ana lys i s .  As.seen from t h e  c a l i b r a t i o n  curve, q u i t e  low concentra t ions .  . 

d.f naphthalene vapors can be  .monitored with. t h i s  ins t rument . .  ' Figure 4 

i s  a spectrum taken of a 5-ppb naphthalene concentrat ion showing a 

. r a t h e r  d i s t i n c t  peak. a t  222 nm, even a t  t h i s  concentrat ion l eve l .  

S imi la r  s e n s i t i v i t y  i s  obtained f o r  l i q u i d  samples. Figure 5 i l l ~ s t r a t e s  

t h e  S/N r a t i o  f o r  a 1 . . ng/ml sample of aithritcene i n  t h e '  l i q u i d  phase. 

Many..PNAs a r e  expected t o  h.ave minimum de tec tab le  vapor phase concentra t ions  

i n  t h e  range of 1 t o  10 ppb and solut2on concentrat ions f o r  a.1.-cm c e l l  

o f  1 t o  10 ng/ml us ing t h i s  instrument. 

A s  an i l l u s t r a t i . o n  of  t h e '  a n a l y t i c a l  c a p a b i l i t i e s  using th.e second- 

d e r i v a t i v e  spectrometer  coupled w i t h  leas t -squares  a n a l y s i s ,  .------. a mixture 
L.-,- . . 

conta in ing f o u r  PNAs i n  cyclohexane was prepared. The sample nominally 
- -.=--.-.- - <-- - - 

contained 25 ng/ml each o f  anthracene,  phenanthrene, chrysene, and 
+ Z I _ Z I _ - _ < -  

- -- ---* - 



pyrene. Pure compounds were employed t o  generate "standard" spec t ra  f o r  

&the leas t -squares  ana lys i s .  Spectra of  both t h e  pure compounds 

and t h e  mixture were measured using a l-cm cuvet te  containing Q, 2 m l  of 

so lu t ion .  25 Figure 6 shows t h e  s p e c t r a  obtained f o r  each of t h e  standard 

so lu t ions .  Notice t h e  considerable v a r i a t i o n  i n  measured response pe r  

concentra t ion f o r  t h e  d i f f e r e n t  compounds, with anthracene providing Q, 

20 times more i n t e n s e  response a t  t h e  peak near  253 nm than does phenanthrene. 

Also note  t h e  severe  overlapping of  absorption peaks between t h e  d i f f e r e n t  

compounds, e s p e c i a l l y ' f o r  anthracene and phenanthrene near  253 nm, which 

would make graphical .  ana lys i s  unre l i ab le .  

The measured spectrum and. leas t -squares  fit of. th.e. .mixture a r e .  

shown.in Figure 7. Table I l i s ts  t h e  a n a l y t i c a l  r e s u l t s  obtained from 

I t h e  leas t -squares  ana lys i s .  Although. t h e  concentrat ion determined f o r  
. . . - 

t'he $ e l a t i v e l y  l e s s  in tense  phenanthrene i s  only 76%.of .  its true value,  

t h e  leas t -squares  program t e l l s  t h e  u s e r  t h a t  t h e  s tandard  devia t ion c r '  

~ 
o f  t h e  phenanthrene r e s u l t  i s  g r e a t e r  than t h e  o the rs ;  i n  f a c t ,  t h e  

determined value  is within 30 o f . t h e  t r u e  value.  

Future p lans  a r e  t o  include a stepping motor which.wil . l . .provide 

d i g i t a l  con t ro l  of monochrometer. s e t t i n g s ,  and..thus improved reproduci-  

b i l i t y ,  t o  couple t h e  spectrometer d i rec t ly .  t o  a .minicomputer. f o r  d a t a  

. a n a l y s i s  and s to rage ,  and t o  incorpora te  a~mi'croprocessor i n t o  t h e  .' 

. . instrument f o r  e a s i e r ,  more r e l i a b l e  control .  Prototyping of  por tab le ,  

s p e c i a l  use  instruments. such as. a pheilol .water 'monitor is a l s o  planned. 

. ., .. , 
. . 



second-derivative UV-absorption spectrometry combined with l e a s t -  

squares da t a  analys is  shows po t en t i a l  a s  a method f o r  determining t h e  

vapo r  phase concentrat ions f o r  t h e  more v o l a t i l e  PNAs, as  a means of 

analyzing t h e  so lu t e  ex t r ac t  from pa r t i cu l a t e s  col lec ted on f i l t e r s ,  and 

a s  a monitor f o r  aqueous pol lu t ion.  The poss ible  uses of t h i s  technique 

i n  r e a l  o r  near rea l - t ime modes of operation i n  several  appl ica t ions  

make it p a r t i c u l a r l y  appealing f o r  occupational monitoring of work 

environs and f o r  source re lease  monitoring. 

Second-derivative spectrometry improves t he  s e l e c t i v i t y  of t h e  

a l ready r a t h e r  s e n s i t i v e  technique of W-absorption analys is .  When 

spec t r a l  ana lys i s  i s  coupled with t h e  improved s e l e c t i v i t y  provided by 

using second-derivative UV-absorption, a method of ana lys i s  t h a t  i s  both  

more s e n s i t i v e  and s e l ec t i ve  f o r  many PNA compounds i s  obtained. 
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Table I .  Least-squares ana lys i s  of. a mixture of 
four  PNAs 

., . Compound 
Nominal concentrat ion Least-squares ana lys i s  

(ng/ml) (ng/ml) 

Anthracene 

Chrysene 

Phenanthrene 

Pyrene . . 25 28.2 .? 0.6  



Figures Captions 

77-9343 1. Illustration of second-derivative enhancement of narrow peaks 
and suppression of broad peaks. 

77-9342' 2. Optical schematic diagram of the SM-400 derivative spectrometer 
showing.both the vapor-phase-cell and liquid-phase.cel1 modes of 
operation. 

.77-4687 3. Analytical curve for naphthalene vapor. 

77-4686 4. . Second-derivative spectrum of naphthalene vapor at'a low concen- 
tration using a 12-m pathlength. 

77-4685 5. . Second-derivative spectrum of anthracene in cyclohexane using, 
a 1-cm cuvette. 

I .  ' . 

77-4683 6. Calibration standards for four PNAs in cyclohexane. 

77-4688A 7. Comparison of least-squares spectral fit to experimental 
spectrum. 
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