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ABSTRACT 

A h o m ~ o g o ~  ~ f i ~  of ~ k a n ~ p h o n a ~ s  w~e ~ g ~  ~ r  ~ e  as ~ n ~  in ~e  ion c h m m ~  
uap h y  of ~ e  and n~fi~ ~ di~ct UV d~ection. The ~ k ~  c h i n  ~ n ~ h  has a h ~ e  pofitive effe~ on 
dufion s u e n p h  when a po~(styrene-dN~ylbenzene)-based ~n~xchange co~mn is used. T~s  effect is 
much ~ss apparent with fifica-based c o ~ m ~ .  S ~ p h o n ~  from m ~ h a n ~  to l ~ a n e s u l p h o n a ~  gave 
excd~nt ~parations of n~rate and n i ~ ,  allowing ~ e  d e ~ r m ~ n  of either ~ o ~  ~ r ~ n c e  ~ the 
w ~ e ~ e  ofa  1 0 0 ~  mohr  ~ o f ~ e  o~eL and ma~ng  a 1-min ~ y  ~ r  n i tm~ and ~ possi~e. 
The ~ k a n ~ u ~ h o n ~  ~ n  ~ be u~d ~ conducti¼ff d~ection, a l lo~ng ~ e  ~e d f id f f  of UV d e ~  
fion m be com~ned with ~ e  ~ r sa f i~y  ~ conducti~ff m ~ m ~ .  

INTRODUCTION 

H~h-p~formance  l iq~d chromatography (HPLC) is a widely u~d  ~ c h ~ q u e  
for the d~erm~af ion  of ~ o r g a ~ c  a~ons  [1,~. As only a ~w a~ons  show appredab~ 
UV absorbance in the av~laMe r e , o n  of the spec~um, conducfi~ff  de~ction has 
m o~  common~  been used. A vafieff of a~on-exchange c~umns a ~  a v ~ h ~ e  w~ch 
~ve excel~nt ~solution with aromatic duen~  such as ph th~a~ ,  w~ch are common~ 
u~d  in f i n ~ c o ~ m n  ion chrom~ography with c o n d u c t i ~  de~ction. Howev~,  the 
use of opfic~ de~cfion for ~ measu~ments of UV-absorb~g ions such as nRra~ 
and nRrRe is p ~ v e n ~ d  by the h ~ h  background absorbance of aromatic duent~ D i ~  
measu~ments have two advantages in the d~erm~af ion  of n~ra~  and nitrite: they 
~low the use of  standard HPLC apparatus with UV d~ec to~ ,  and they avoid 
potenti~ ~ r ~ r e n c e s  from other ions with low UV absorbance. There is t h ~ e ~  
a need for ~format ion about aRernafive duen ~  that can be used with optical 
d~ection. Ide~ly these wo~d  be effective m low concentrations so t h ~  they co~d  also 
be used with c o n d u c t i ~  d~ecfion. 

The M k a n ~ p h o n a t ~  pro~de a ~ries of po~nfiM eluents with low UV 
absorbance and a number of  other d ~ f f a ~ e  properties. They are a ~ o ~ c  o v ~  a wide 
pH range and form a hom~ogous  series with var~ng degrees of hydrophob~ 
charac~r.  They are non-valafile and read~y av~lab~ in pure form. 

M ~ h a n ~ p h o n ~ e  was used together with a f i l ~ b a ~ d  anion-exchange 
c~umn as an duent  for the HPLC o f a ~ o n s  by I~ey [3], who ~ p o ~ e d  the ~pa~ ation of 
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~ v ~ M  aMon~ M d u ~ n g  nRrim and M ~  using Mw concen~ations (2-10 mM),  and 
was able to use both c o n d u c f i ~  and absorbance measu~ments .  However, higher 
concentrations were necessary in subsequent ~v~t iga t ions  with different columns, 
varying from 11 m M  c N o r o m ~ h a n ~ M p h o n a t e  [4] and 12 20 m M  m ~ h a n ~ -  
phonate [~ m 2(0 m M  methanesMphonam [6] with ~l ic~based cNumns of Nf fe~n t  
capadties. The highest concentrations were ~ p o r ~ d  to cause c ~ u m n  damage [6]. 
High concentrations of  m e ~ a n ~ p h o n a m  (30 raM) were also used with a poly- 
m ~ h a ~ a ~ - b a ~ d  column [~; in contrast, Jackson [8] obtained a good ~para t ion  of 
nitram and nRri~ with low concentrations (ca. 3 raM) of 1-heptan~ and 1-octane- 
sMphon~e using the same type of c~umn.  This suggests that the longer chain 
M k a n ~ M p h o n ~  might be vMuaNe eluents for ion chromatograph~ 

We ~ p o ~  h ~ e  a comparison of the effects o f a  ~ries of M k a n ~ p h o n a m s  with 
Nf fe~n t  Mk~ chain kngths  on the ~ p a r ~ i o n  of nRram and nitrite on c o m m ~ d M ~  
avMhNe l o w ~ a p a d ~  resin- and ~l~a-based aMomexchange cdumns .  

EXPERIMENTAL 

HPLC ~swm 
An HPLC ~ e m  with a K o n ~ o n  420 pump, a Kon~on  460 a m o s a m N ~  and 

a K o n ~ o n  432 UV ¼fible detector set at 210 nm was used. In ~ p e f i m e m s  with 
c o n d u c t i ~  demction the pump and a ~ o ~ m N ~  were connec~d in series with 
a K o n ~ o n  430 UV ~f iNe  demctor and a Tecator 6200 ion anNyz~.  In bmh ~ s t a n ~ s  
a Kon~on  450 data w ~ e m  was used ~ r  control of  the apparatus and col~ction and 
t r e ~ m e m  o f ~ e  resets .  The a m o s a m N ~  w ~  o p ~ e d  with ~ e  injection volume set ~ 
5, 10 or 50 ~l. 

CoNmns 
A W ~ c a n  A n ~ n / R  column (250 mm x 4.6 mm I.D.), the m~er iN  being a 

pol f i s f fmne N ~ n ~ b e n z e n ~ - b a ~ d  anion exchanger with a c a p a d ~  o f ~ 2  meq~v. /g ,  
was used together with an A1Rech Anion/R p~cMumn (10 mm x 4.6 mm I.D.). For 
compafisom a Tec~ o r  A n ~ n / N  s i l k , b a s e d  a~on-exchange column (250 m m x  
4.6 mm I.D.) with an AIRec ANon/S p~cMumn (10 mm x 4.6 mm I.D.) and a Vydac 
300IC pMyme~protecmd fific~based aNonmxchange cMumn (50 mm x 4.6 mm I.D.) 
were used with some duen~.  A W e ~ a n  A n ~ n / R  p~co lumn (30 m m x  4.6 mm I.D.) 
was used as an anMytical cCumn for the devdopment  of  a rapid assay for m ~ a m  and 
nitrite. The column m m p ~ u ~  was mNntNned at 30°C in all instances. 

Mobile phases 
Methanesulphonic acid and the sodium salB of methane-, l-butane-, 1-hexane- 

and 1-octanesulphonic acid were obtained ~ o m  Aldrich: the last three were of the 
quality recommended for use as ion-pairing reagents. Sodium ethanesulphonate was 
of the highest quality available f o m  TCI Tokyo Kasei. 2-(N-Morpholino)ethane- 
sulphonic acid (MES) and t r iNhydroxymeth~)aminomethane (Tfis) were obtained 
~ o m  Sigma. All eluents used with the resin column were buffered with 0.5 m M  T ~ %  
0.25 m M  methanesulphonk add (pH ~ 8.2). Eluents for use with the silva-based 
columns were bufl~red with 0.5 m M  MES-0.25 m M  NaOH (pH ~ 6.2.). Distilled 
water for eluent preparation was filtered through a Millipore Milli-Q sy~em wiOa 
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a 0.22-~m e~ t  filmr be fo~  the addition of sodium sulphonates, as vacuum fil~ation of 
the ~ u e n ~  after the addition of the long-chNn sulphonams resulU in exces~ve foam 
formation. All eluents were degassed under vacuum on an u l~ason~  bath before use. 

Ana@s~ of ~sults 
For NnNy charged ~ u e n ~  and anMy~s ~ e  expec~d r~af ionsh~  b~ween ~uent  

concentration, C, and c a p a d ~  N c m ~  k', is Nven by Ck' = constant [9]. From this it is 
posNb~ to derive a relationship b~ween remntion time, ~ ,  and ~ 

tR = (a tM)/C + tM (1) 

w i ~  two unknowns, a, which is equal to Ck', and tM, which is the time for ~ansit  o f ~ e  
mobi~  phase. VMues of Ck' ~ r  Nf fe~n t  eluents were ca~uNmd by fitting the 
experimental vMu~ ~ r  ~mnt ion  time at ~fferent  eluent concentrations m eqn. 1 using 
nonl inear  regres~on. 

R E S U L T S  

The chain length of  Mkan~Mphonams has a large effe~ on the effidency with 
wNch anions can be ~umd from the p o ~ n e  N ~ n ~ b e n z e n ~  anion-exchange 
cNumn. Fig. 1 shows the effe~s of  the concentration of m ~ h a n ~ ,  e thane ,  1-butane- 
and 1 -hexan~u~honam on the r~enfion times of N U d e  and Ntfim at a fixed 
flow-ra~. O c m n ~ p h o n a ~  was even m o ~  effective than h e x a n ~ p h o n a t ~  but the 
concen~ations ~ q ~ m d  w ~ e  so ~ w  that deformation of  the peak shape was observed 
as a ~ s ~ t  of  cNumn ovefloaNng when 5 nmol nitram and 5 nmol Ntrim we~  i~ecmd 
~ not shown). Perchlorate was a slightly weaker ~uent  than b u t a n ~ u ~ h o n a m  
but more effective than e t h a n ~ p h o n ~ e .  
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~ .  ]. R ~ o n  ~mc~ ~r  n ~ r ~  ~o;~ ~ m b ~  ~nd ~ ~ ~ m b ~  ~ ~ so,urn 
~ p h o n ~  ~ o ~  ~ ~ o w ~  w~s ~ ~ .  Th~ c~umn u~d w~ ~ ~ m  ~ n  
A~o~R ~ ~ A ~ ¢  A ~ o ~  p ~ m n .  ~ ~ o ~  ~ ~ u m  ~ k ~ s ~ p ~ o ~  ~ ~ ~ n ~  
0.S m~ ~ m~ m ~ ~ n ~  ~d.  © ~  ~ ~ ~  ~ ~ ~ ~ ,  
A, • = I ~ p h o n ~  ~ e ~ I & ~ p h o ~ .  T ~  ~ ~ u ~ h  ~ ~ m ~  p ~  w ~  
obtained b~ ~ t ~  ~h~ ~ s ~  ~o ~h~ ~h~or~¢~! r ~ s h ~  ~qn. I) b~w~n r~cn~on ~m~ ~nd ~u~nt 
CO~C~(r~O~. 



56 J.K. THOMSEN, R. P. COX 

The greamr  elut ion ~ reng th  of  the higher  homologues  can be explNned by 
i n f r a c t i o n s  b ~ w e e n  the h y d r o p h o b i c  alkyl  chain and the po ly (~y rene  d i ~ n ~ -  
b e n z e n ~  matr ix ,  and might  not  be observed with o ther  Mnds o f  co lumn mater iN.  The 
behav iour  o f  me thanm and 1 -hexanesu lphona~  was therefore invest igamd with two 
different  types o f  s i lva -based  column.  Table  ! shows the elut ion s t rength of  the 
Mkanesu lphona tes  as the p roduc t  of  d u e n t  concen t ra t ion  and the c a p a d t y  fac tor  for 
ni trate .  This p roduc t  was found by f i~ing exper imenta l  resuRs to the theoret ical  
re la t ionship  between re tent ion t ime and d u e n t  concen t ra t ion  ~ q n .  1), and  N a measure  
o f  the d u e n t  c o n c e n ~ a t i o n  needed to ob ta in  a capac i ty  factor  o f  1 for the anion  
con~dered .  While  1-hexanesMphonam as d u e n t  was 68 times s t ronger  than m e t h a n ~  
su lphona te  when the p o l y ~ t y r e n e - d i ~ n ~ b e n z e n ~ - b a s e d  column was used, the 
d u t i o n  ~ reng th  was increased only 1.2 t imes when the ~hca -based  co lumn was used 
and 2.0 t imes with the p o l y m e > p r o m c ~ d  filica column.  

The r e s d u t i o n  o f  ni t ra te  and nRr~e ob ta ined  with the p o l y ( s t y r e n e - d i ~ n y l -  
benzene) co lumn also depends  on the type and concent ra t ion  o f  the eluent.  Fig. 2 
shows the re la t ionship  b ~ w e e n  the capac i ty  fac tor  ob ta ined  with different  eluent 
concen t ra t ions  and the resolut ion ob tNned .  The best  resolut ion was ob ta ined  with 
ei ther me thanesMphona te  or  with ~ h a n e s M p h o n a m  (results not  shown).  The results 
for 1 -bu tanesu lphonam (not  shown) we[e b ~ w e e n  those for methanm and 1-hexanm 
sulphonate .  In add i t ion  to the effect o f  chain length on the resolut ion,  there was also 
the expected increase in resolut ion when the c a p a d t y  factor  was increased by lowering 
the concen t ra t ion  of  the eluent. However ,  even in the worst  cases, the r e s d u t i o n  
observed was Mways more  than adequatm and o ther  cri teria such as the analysis  t ime 
and the eluent concen t ra t ion  can be conNdered  when sdec t ing  anMytical  condi t ions .  

The use o f  high concen t ra t ions  of  eluent  p roduces  the risk o f  greater  
con t amina t i on  by impuri t ies  present  in the r e a g e n t ;  this was a p rob lem with the 
qual i ty  o f  the m h a n e s ~ p h o n a t e  used, which gave rise to a higher  ba c kg round  
abso rbance  that  than with the o ther  d u e n ~  invest igated.  It is also pos~b le  that  high 
eluent concen t ra t ions  could  lead to co lumn damage  and m~rob iM  growth,  a l though 

TABLE 1 

ELUTION STRENGTH OF ALKANESULPHONATES WITH DIFFERENT TYPES OF COLUMN 

ResM~ were oNMned by ~fing the data from a ~r i~  of experimen~ ~ difl?~m duem concentmfio~ m 
the theoretical relationsbip b~ween rNention time and concentration as described under Experimental. 

Column Type Product of duent concentration and capadty 
factor for nflrate (mM) 

M m M ~ ~  I ~ ~ c  

Wescan Anion/R Resin 130 1.9 b 
Vydac 300IC Silica 113 56' 
Tecator Anion/Si Silica 14 I2 ~ 

" Eluent concentrations ~om 15 to I00 mM were used. 
b Eluent concentrations ~om 0.4 to 4 mM were used. 
~ C k "  was calculated ufing the observed capadty factor from a finglc experiment where the duent 

concen~ation was 10 mM. 
d C k '  was cakulated ~om a ~ngle experiment where the eluent concentration was 5 mM. 
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Fig. 2. Relationship b~ween capad~ ~ctor ~ r  nizam and resolution of the M ~ e  and ni~te peaks 
obtained ~ t h  Nffemm concentrations of (~)  methaffesulphona~ and (~)  l~exan~Mphona~. The 
~ p a d f f  ~ (k') w~  ~kulated from ~e  ~ n t i o n  time UM and ~e  ~ansit time ~ r  ~e  m o n k  ph~e (t~) 
according to ~e  ~pre~Mn k' - (~ - ~ f ~ ;  ~ w~  ~ken ~ ~e  time when the negative peak from the 
wamr injection w~  observed in ~e  chmmam~am; ~ ~e  ~ of l ~ a n ~ M p h o n a ~  the me~umd tu ~ th  
4 mM duent was used in M1 instances. 

we did n o t  expe r i ence  such p r o N e m ~  In c o n t r a s L  low ~ u e n t  c o n c e n t r a t i o n s  can  N v e  

rise to peak  d e f o r m a t i o n  as a resul t  o f  o v e r l o a d i n g ,  as we o b s e r v e d  wi th  1-octane-  
s M p h o n a m  and  c o n c e n t r a t i o n s  o f  1 - h e x a n ~ M p h o n N e  u n d e r  1.0 m M .  As  a m a s o n a N e  

c o m p r o m i ~  we selected 5 m M  1 - b u m n e s M p h o n ~ e  ~ r  fu r the r  invest igaxions.  Us ing  

• N ~ u e n t ,  we o b t N n e d  the c h r o m ~ o g r a m s  s h o w n  ~ Fig.  3 for  two  N U d e  and  N t f i m  
s t a n d a r d  m i ~ u m s  N f f e f i n g  a 1 0 0 ~ M  in c o n c e n t r a t i o n .  T h e  r ~ e n t i o n  t imes  and  

m s ~ u t i o n  o b t a i n e d  u n d e r  these c o n ~ t i o n s  are  g iven  in T a b l e  lI .  S o m e  a n M o g o u s  
m s ~ U  for  the  p ~ f o r m a n c e  o f  the  p N y m e ~ p r o ~ e d  s ihca c N u m n  are  also N v e n  in 
T a b l e  II. The  r e so lu t i on  o b t a i n e d  is exce l len t  wi th  b o t h  m ~ h a n ~  and  1 - h e x a n ~  
s ~ p h o n a m .  

• 0.20 
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~ 0 ~ 0  
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R e u n i o n  Time (rain] 

~g. 3. C ~ o m ~ o ~ a m s  of two s~ndard m~tu~s of ~ t ra~  and M~i~. The ~uent was 5 mM so~um 
1 ~manesMphona~ comNNng ~5 mM Tris~.25 mM methanesulphonk acid and ~e  c~umn was a 25-cm 
Wescan A ~ o ~ R  anMyticM cMumn ~ t h  an All~c A ~ o ~ R  precolumn. The flowCam was 2 mkm~. (A) 
50 ~ of 1 #M NaNO~-I #M NaNOz; (B) 50 ~ of 1 mM NaNO~I  mM NaNO2. Peaks: 1 - Ntfim; 
2 = n~rate. 
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TABLE 11 

EXAMPLES OF ANALYTICAL RESULTS OBTAINED WITtt ALKANESULPHONATES USING 
DIFFERENT COLUMNS 

The duent flowcam was 2 ml/min Mth ~e W ~ n  co~mn and 3 ml/min with the Vydac column. 

Eluent Concentration 
(raM) 

25-cm W ~ n  AmoUR co~mn 5-cm Vydac 300IC cNumn 

t~ ( m i n )  Rmdm~n ta ( m i n )  Resolulion 

NO 2 NO] NO 2 NO 3 

Methanesulphonate 20 5.1 8.6 5.8 2.1 3.2 3.3 
l-Butanesulphonate 5 3.3 4.7 3.7 - -  

l-Hexanesulphonate l0 - 1.6 2.3 3.0 
l-Hexanesulphonate 1 2.8 3.9 3.3 - - 

One practical effect o f  a high resolution o f  two c o m p o n e n ~  is the ability to 

determine either wi thout  i n ~ r ~ r e n c e  in the presence o f  a large excess o f  the other. This 
is i l lu~ra ted  in Fig. 4, which shows the effect o f inc rea f ing  concent ra t ions  of  the other  
ion on the apparent  peak hNght  and peak area o f  nRrate or nitrite. The resulU show 

that  with the eluent used, Nther anion can be determined wRhout  i n ~ r ~ r e n c e  in the 
presence o f a  1000-fold mola r  exce~  of  the other.  These measurements  were per formed 
in the absence o f i n ~ r ~ f i n g  components .  High concentra t ions  o f  ions such as chloride 

in the sample are f ikdy to influence the resolut ion obtNned.  This was invesf iga~d  in 

a sefie o f  experiments  (not shown) anMogous to those in Fig. & Samples with l nmol  o f  
n i t r a ~  and nRfite con tNning  up to 1 mg (17 ~mol)  o f  sodium chloride were i~ec ted .  

The area o f  the nitrate peak was constant  at c h l o r i d ~ t o - n i ~ a t e  mola r  ratios up to 

about  5000, whereas basefine d i~or f ion  affected the area o f  the nitrite peak at 

ch lo f id~ to -nRr i t e  ratios over  about  500. High chloride concentra t ions  Nso caused the 
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~g. 4. ~mr~rence bmween n~rite and Nude when measunng one m ~e pre~nce of an exce~ ofNe oNer. 
Left, peak height and area oNNned ~r  1 nmol of N~Re in the presence of various amours of ~ e  
b~ween 1 grad and l nmN; fighL cormspon~ng hdgNs and areas oNNned wi~ l nmd N ~ e  and various 
amoums of Ntfim bmween 1 nmol and 1 #mol. 
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Fig. 5. R a ~ d  a~ay  of M ~ a ~  and nflfite using a 3 ~ m  Wescan Amon /R  p rec~umn as an ana~ticM columm 
The ~uen t  was 40 m M  soNum m~hanesMphonam contaiNng 0.5 m M  Tris~0.25 m M  m ~ h a n e s M p h o n ~  
add  at a flow-rMe of  4 m ~ m ~ .  A v ~ u m e  of  10 ~1 of 1 m M  N ~ a ~  and 1 m M  nitf i~ was i~ec~d.  

nitrite peak to be displaced in the direction of the nitrate peak, and the two peaks were 
only partially resolved when the injected sample contained 1 mg of sodium chlofid~ 

Another advantage of high resolution is the possibility of using sho~er columns. 
Veuthey et aL [10] used a 3-cm resin-based ion-exchange precolumn as the analytical 
column with sodium hydrogenphthalate as duent  to reduce the analysis time for 
several inorgan~ anions. As resolution is proportional to the square root of the 
column ~ngth, whereas transit time is proportional to the length, 50% of the 
resolution can be maintained when the column ~ngth and thus the analysis time at 
a given flow-rate are reduced by 75%. As the back-pressure depends on the length of 
the column, it is posfible to decrease the analy~s time fu~her by increafing the 
flow-rate when shorter columns are used. Thus the choice of methanesulphonat~ 
which gives the optimum peak separation, as the eluent at a concentration of 40 mM 
and increafing the flow-rate from 2 to 4 ml/min with a 3-cm column results in a l-rain 
assay with a resolution of 2.5, as shown in Fig. 5. 

~ . . . .  , . . . .  ~ . . . .  ~ . . . .  ~ 

0 5 10 15 20 

R e t e n ~ o n  T i m e  (min)  

Fig. 6. Chromatograms  o fa  ~andard  mixture of  seven anions using both (A) conductivity detection and (B) 
UV detection. Conditions as in Fig. 3. Injection vo lum~ 50 #1. The s amp~  contained (1) 1 m M  F - ,  (2) 
0.5 m M  C1 , (3) 0.5 m m  NO2,  (4) 0.5 m M  Br , (5) 0.5 m M  NO~,  (6) 2 m M  H P O ] -  and (7) 1 m M  SO~-. 
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Long-chNn s~phonates  can also be used with coupled conductivity and UV 
demcfion as a powerful mmhod for d ~ e r m ~ i n g  both UV-absorbing and UV4ran>  
parent anions. Fig. 6 shows the separation of seven anions using 1-butanes~phonate 
as eluent. It is n o ~ w o ~ h y  that with c o n d u ~ i ~  detection the w a ~ r  peak Dom 
iNemion is the only sysmm peak observed, and that the i~ection peak using UV 
dmect~n  is neNi~Ne. 

The position of the phosphate peak in the seven anions standard depends on the 
pH of the duent.  In the chromatogram in Fig. 6 this was buffered at about pH 8.2, so 
that phospham is present in the HPO~ form. In general, buflEfing the eluent at 
diffe~nt  pH values was found to have little efl~ct on nitrate and nitrite ~s  long as 
nitri~ (pK~, = 3.4) is not app redaNy  p ro tonam~ but changes the pofition o fdu t ion  of 
weak acids and the zwi~erioNc buffers commonly used in Nochemis~y. This can be 
useful in ~para t ing  nitrate or nit~m Dom in~rfering componen~ of this type. 

DISCUS~ON 

The choice of a method for the d ~ e r m ~ a t i o n  of nitram and nitrite by HPLC 
depends on a number of famo~.  The detector and column types avai labk will usually 
be a m ~ o r  consideration, together with the concen~ations expected in the sample and 
the nature of  inmr~fing compounds  Other con~derafions include the number of 
samples to be analysed and hence the ~gNficance of the cost and time of the assays, 
and the pos~ble interest of ~mMtaneous measurements of other componen t .  

Although ion-pair chromatography on reversed-phase columns [11,1~ may 
have advantages in particuNr ~tuafions, ion~xchange chromatography on spedM~ed 
columns for ~ o r g a n ~  anions is the most ~ ragh t fo rward  approach. Dire~ UV 
dmection for N ~ a m  and Nt r i~  is probably the m ~ h o d  of choice unless it is d e ~ e d  to 
measure other non-absorbing anions at the same time. This approach is sen~five, 
~raightforward and uses the most commonly avNNNe demmo~ and inter~rence is 
essentially limimd to other UV-absorbing anions. However, when non-absorbing 
anions are to be measured in the same sample, it is necessary to use conducti~ty or 
indirect UV detection with absorbing eluents [13]. 

Of the pomntiM eluents avNNNe for use with direct UV d~e~ion ,  the results 
presenmd here show thal the alkanesNphonates have several advantages. The 
e~smnce of a homdogous  series means that for a wide range of types of re~n-based 
column, conditions can be found allowing dnt ion within reasonable times without the 
use of  excessively high eluent concentrations. The high elution strength of the longer 
chain homdogues  means that eluent concentrations giving a low background in 
conduct i~ly measuremen~ can be used. This opens up the possibility o fcombiNng the 
selectivity of UV d~ e~ i on  with the u~ve~Mity  of conductivity dme~ion. For 
maximum detector response in conduct i~ty measurement ,  the use of MkanesM- 
phonates will be i n , r i o t  to weakly acidic eluents because of the signal enhancement 
resulting ffmn the use of a mixture of charged and uncharged forms of the eluent [1~. 
However, this enhancement is associated with the presence of sysmm peaks which are 
not observed with MkanesMphonates. 

With ~lka-based colmnns the hydrophobki ty  of the eluent is of minor 
imponance,  and the r~ention of ni t ra~ and nitrite is mostly affecmd by the 
concen~ation of the eluent and the capacity of  the column. Rapid elufion with low 
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eluent concentrations depends on a low c~umn capad~,  leading to the danger of 
column ovefloa~ng ffthe sam~e c o n ~ s  ~gh concen~ations of interfering ions. The 
advan~g~  of ~ k a n ~ p h o n ~  as eluents allowing the use ofMw concen~ations are 
thus most apparent when c~umns with hydropho~c carrier m~erial are used. 

Although this ~vest~ation was conc~ned with nitrate and nitrim, UV de~cfion 
can also ke u~d for t~e measurement o f o t h ~  inorgan~ anions, ~ d u ~ n g  brom~e and 
chloride [~. We have ~und  ~kan~Ophona~s  to be useful in fim~mneous 
d ~ m ~ a f i o n s  of chloride by measurement of absorbance at 190 nm and sulpha~ by 
measurement of c o n d u c t i ~  in ~ w a ~ r  s a m ~ ,  whe~ the chloride peak in 
c o n d u ~ i ~  d ~ e ~ n  was obscured by the i~e~ ion  peak. 

The ~parafions obtained with Mkan~pho n a te s  appear to be at least as good 
as those obtained with the aromatic compounds common~ used for ion chrom~o- 
graphy, and they are th~efom of conf id~a~e pomnfi~ interest as eluents for the 
d ~ m ~ a f i o n  of inorgan~ anions using HPLC. 
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