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Phase Ratio, a Tool for
Capillary Column Selectio n

Use phase ratio (93) to select the optimum column for your petroleum application .

A nalysts using capillary gas chromatography
have a wide variety of columns to choose

fro m . The many possible combinations of internal
diameter and stationary phase film thickness make
the choice of column dimensions particularly diffi-
cult . Phase ratio, or p, can be used as a guide in
determining the optimum combination of column
dimensions for an analysis.

Phase ratio is a dimensionless number that ex-
presses the ratio of the internal diameter of a capil-
lary column to the thickness of the stationary phase
film (Figure A) . In other words, p represents the ratio
between the gas volume and the stationary phase
volume in a column .

p is a useful tool for column selection because
columns with the same p value, given the same on-
alytical conditions and stationary phase . produce
similar relative retention times and indices. This
means that columns of the same p value can be
interchanged even though they have different film
thicknesses and column IN (Table 1).

Column dimensions can be selected for the par-
ticular application at hand, while taking into ac-
count the resulting tradeoffs In sample capacity
and efficiency. For example, to increase sample
capacity, a wider bore column with the same p
value can be used ; or to obtain greater efficiency
a narrower bore column with the some p value can
be used.

Figure B illustrates the use of p value to correlate
columns of different dimensions . The some solvent
mixture, containing butanol, ethylbenzene, chloro-
form, toluene, Para and meta xytene - and various
acetates - was analyzed on two columns with simi-
lar p values : a SUPELCOWAX - 10 30m x 0 .20mm x
0.20um column (p = 250) and a SUPELCOWAX 10 30m
x 0.53mm x 0.50,vm column (p =265) . The very close
p values result in identical elution patterns with no
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Table I - Examples of Columns
with Equivalent p Value s

I Column ID Rim
mm Thickness

am
0.20 0.80
0.25 1.00
0.32 1.28
0.53 2.12
0.75 3.00
0.20 0.20
0.25 0.25
0.32 0.32
0.53 0.53
0.75 0.75
0.20 0 3
0.25 0.1 60.32 0.20
0.53 0.33
0.75 0 .47
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Figure 9 - Similar Elution Patterns for a Solvent
Mixture on SUPELCOWAX 10 Capillary Columns

SUPELCOWAX 10 capillary column,
30m x 0,20mm x 0 .20km (!f =2501

I 1 1

10 i2 i

SUPELCOWAX 10 capillary column,
30m x 0,53mm x 0.50km (0=265)

e 10
U,,,

1

wrr
Col. Temp .: 50°C for 4 min ., to 175'C at 4°Gmin., Int . & Del . romp. :
220°C . Linear Velocity : 20cmisec . at 75°C, He . Del. : AD (4 ir t0" AFS,Sample : 141 . Split: 100 :1 .

Table 2 -,,3 Guideline s
Range 0 i

Low <100 i

Medium 100 • 400 !

High >400

Applicatio n

low capacity (k) solutes
ow M .W. compounds

wide range k' solutes
general aurpose analyse s
wide range of compounds

high k solute s
high M .W. compounds

peak shifting . The larger ID column is less efficient
and therefore exhibits a slight loss of resolution .

The analyses presented in Figure B could occur
in a situation where a methods development lab
uses a narrow bore column for most of their work
and then transfers the method to a pilot plant . The
pilot plant analysts sample their product stream
and inject larger samples on their column, over-
loading the narrow bore column, which has less on-
column sample capacity, and masking some
peaks . By changing to a wider bore column with
the same J3 value, the analyst trades greater sam-
ple capacity for slightly lower resolution .

In addition to correlating columns of different di-
mensions, 0 can be used as a guide for column se-
lection . Columns having a ft value of less than 100
are considered low-(3 columns and are used for
analysis of low molecular weight compounds. Col-
umns with p values between 100 and 400 are con-
sidered standard-# columns and are used for most
analyses . They are well suited for the analysis of a
wide range of compounds and can be used for
unique applications such as simulated distillation
(SIMDIS) . High molecular weight compound analy-
ses generally require high./ columns . Table 2 sum-
marizes guidelines for selecting a capillary
column .

Although the following examples for each range
of (3 values come from petroleum applications, the
concept can be applied to other disciplines where
analysis of very complex samples Is required . For
example, a related article in this publication, New,
Tested Column for Consistent Results from Environ-
mental Analyses, discusses bonded-phase, SE-54-
type capillary columns with 0 values of 250, 265,
and 320,

Figure C illustrates the use of a very low ./ (26,5)
column for analysis of low boiling point hydrocar-
bons. These separations were performed on a 60m
x 0.53mm x 5.Oum, SPB'°-1 fused silica capillary col-
umn using ambient column temperature (30°C) .
Ethylene and ethane (Figure C1) were baseline sep-
arated, Propylene and propane were partially sep-
arated. As the inset shows, isobutane and ethanol,
which co-eluted at ambient temperature, were
baseline separated at 0°C. The some column was
used to detect impurities in propylene (Figure C2) .
again resulting in baseline separation of ethylene
and ethane, However propane, if present, would be
masked by the large propylene peak.

If the corresponding olefins are not present, a
slightly higher /3 column can be used . Figure D
shows analysis of natural gas on a shorter column

of the same type with a thinner film. A 30m x
0,53mm x 3.Oum SP8.1 fused silica capillary column
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I !contd. from page 3)

Figure C - Low Boiling Point Hydroctarbons on
a Very tow 9(26 .5) Colum n

C1 - C1-C6 Hydrocarbons and C1-C4 Alcohol s
Component Concentration *

I Methane 0 3
2. Ethylene 0 .2
3 Etnane 0 2
4 P,011 1101* 0 .3
5 Propane 0 .2
6 Pmpa°une 0 2
T. iao•Bulane 0 .2
8 Methanol 0 .2
9 . Bulene•I 0. 3

10 n•Bulone 0. 2
11 . W-2-Bulene 0.3
12 . Ethanol 0 2
13. ifo-Propanol 0. 1
14, n.Pentana 0 4
15. 1en-8uianol 0, 1
16, r.Propanol 0, 1
I7. Memyl4en•

o4[yl 41M W 0 3
16 .1 C Bulanot 0. 1
19, n-Hexane 0,4
20 . :so-Butanol 0. 1
21 . n-8ulanof 0,1
22, Benzene 0.2

I

ISGBuFane and
Milmand t o°C
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C2 - Impuritie s
In Propylene

2 7 WZ03 E2 - SPS .1 capillary Column ,
30m x 0 .75mm x 0 .75gm film

7

Component Coneenuatlon (PPM)
I . Ethylene 100

6 a

2. Ethane 100 0
3. Propylene balanc e
4. Methanol 200

9

5. n-84tane 10 0
8. Ethanol 10o f

21000500105 a Col . Temp. : 110°C, Inj . & Dol. Temp: 220°C, Linear Velocity :19.21 cmisec., He. Dot. : FID 14 x 10"AFS), Sample; 1pi (Cot No 4-7300)En 1

. . ,Split; 100:1 .

Min

W26
SP&1 fused silica capillary column, 60m x 0 .$3mm It 5,01tm film, Col .Temp .; 30°C for 5 min ., to 200°C at 20°C, int . Temp .; 200°C, Der .TemP: 200°C, Linear Velocity : 14.21cm sec ., Ho, Oat. : FID (B x 10° AFS)Sample: 250w1, Split: 100 :1 .

Figure D - Natural Gas on a 44 .2 p Colum n

2
It

4

Component Co00 nlmtlon Ivor . °6)
I . Methane 70.5
2. Ethan 9.0
3. Propane 6.0
4. ia°.Bulara 3.0
5, n•Buure 3.0
6 . ,so-Per'are I0
7 .n-°.n:oro 1.0

Kii i4n1 N 1.'.>g0n balanc e

Column and Conditions: see Figure C,

aupeLca
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Figure E - Nonpolar Test mix on Columns
With Some p (p = 250)

I

6

El - SP9.1 capillary column,
30m x 0 .25mm x 0.25um film

? e

I . 2-Octanons
2 . CI O
3 . l-Qcfanol

4. 2 .8.OMP
S. CI I
e. 2.5-DMA 9
7. Naphthalene
8 . C12
9, C13

21000400, ,

with a p value of 44.2 was used to perform the sepa-
ration at ambient column temperature (30°C), re-
quiring 6 minutes for complete separation of all
compounds.

The chromatograms presented in Figures E and F
were generated by columns with a p value of 250 .
This value is in the center of the 100 to 400 range
and is probably the most commonly used p value
column . (If a column's ID in millimeters is the same
as its film thickness in microns, the column is, by
definition, a 250 p column, )

The same nonpolar test mix was separated on a
0.25mm ID and a 0.75mm ID SPB-1 capillary col-
umn, both with a p of 250 (Figure Q. Even though the
internal diameters of these columns are widely dif-
ferent, the analyses are virtually Identical . The cal-
culated retention indices for each of the active
probes in the test sample are also identical, indica-
ting no difference In polarity.

Figure F shows the analysis of aromatics in gaso-
line on a 30m x 0,20mm x 0.20wm SUPELCOWAX cap-
illary column . As shown previously, the standard p
value (250) of this column allows the analysis of a
wide range of compounds .

4
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Figure F - Aromatics in Gasolin e

2

4

"I

5 I . een4en/ 7 100 DyiDenzere
2. Twhene e . mPrpppaen :ere
3 @:nyiaenxens 9 Maphmaren e
4 p•Xylene 10 . 2-M eihYln Mantra. no
5 . m•Xylene it 1

.MethylnapMra.ne8 . o-XYlene 12. D-efnymepn!n 4. nn

Ana/ysrs
completed

in Less Than
30 Minutes

I I
t2 96

Mm.

30.,03

SUPELCOWAx 10 capillary column, 30m x 0.20mm x 0.20pm film, Cot.Temp. : 60'C for 8 min .. to 210'C at 8°C1min .. hold 5 min. . Ini, r: Del .Temp .: 220°C, Uneor velocity; 25cmisec., He, Det-: FID )8 x 10" AFS),Sample: 0.141 gasoline, Split. 5o:1 .

Figure G - Waxes on a High P (1325) Column

C90

CLOD C ;0 8

0 10 20 30
Mm.

SPO-
I 40*C for 1 min ., to 4430°C at 15 Cm n . old 5 1min .'Ini. Temp. ; coolon-column, Det. Temp.: 450°C . Flow Rote : 10mlfmin ., He, Del .: FID (128x 10,1 AFSJ. Sample: 0 .1pl (Cot . No. 4.8482), Split : 100:1.

C45 « 0-,.e

II
C35 to C40 a.ei

C1e to 020 vu

!LL-U
0 t6

Mtn.
24

Figure H - Polywax 655 on a Very
High p (1875) Colum n

C80

C70

00- 154

G2 - Bayberry Wax

mien
SPB-1 fused silica cc illary column, 30m x 0.53mm X O.1OPm film. ColTemp. : 50°C to 3$0'C at 154Cimrn .. Inj . Temp. : cool on-column. DelTemp. : 390°C. Flow Rote: 5mlimm .. He, Del .: FID (8 x 10-" AFS), Sample:141, Split: 100:1 .

Figure G illustrates the use of a high-p column for
the separation of high boiling point materials . A
30m x 0.53mm x 0.10um SP8.I fused silica capillary
column, with a p of 1325, was used to analyze sev-
eral waxes - including Polywax ' 655, Bayberry
wax, and paste shoe polish, a finished wax prod-
uct . Carbon numbers up to C80 were eluted on this
column .

Increasing the p value extends the upper range
of compounds that can be analyzed . Figure H
shows the separation of Polywax 655 using a very
high p . 7m x 0.75mm x 0 .10Nm SPB-1 column . In this
case, the very high p value (1875) permits the analy-
sis of compounds with carbon numbers as great as
0108 .

The capillary columns discussed here represent
a small sample of the available range . Determin-
ing the proper,3 value is only one step in optimizing
your capillary column application . Film thickness
and column ID - the two factors that make up 0 -
as well as factors not related to p, such as column
length and stationary phase, can be optimized .
Supelco otters a complete selection of capillary
columns . And, if you can't find the column you
need in our stock selection, we can make a custom
column to your specifications . Call us .

^esad <~
:a -Z ..MIS monulacrcraa „racer HP US Pat No 29141 5
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New ORBOM Air Sampling Tube for
Monitoring Phenols and Cresols

As an improvement over previous methods for
monitoring phenols and cresols, th e

occupational Health and Safety Administration
(OSHA) developed a simplified sampling proce-
dure for analyzing both analytes. Breakthrough vol-
umes, detection limits, and stability studies
performed by OSHA indicate that a single sam-
pling tube containing a 100mg front section and
50mg back section of Amberlite' XAD' -7' resin ef-
fectively adsorbs and desorbs a combined atmo-
sphere of phenol and the ortho-, Para-, and meta-
isomers of cresol (1) .

Our new ORBO'47 adsorbent tubes - prepared
according to OSHA Method 32 -- contain
Supelpak'.70 resin, a highly purified grade of
Amberlite XAD-7 resin . ORBQ-47 tubes will help en-
sure minimal background for accurate monitoring
of airborne phenol and cresols .

An ORBO.47 adsorbent tube
effectively adsorbs and
desorbs phenol and the cresol
isomers - singly or in
combinations

Results of OSHA Investigations determined the de-
tection limits of the analytical procedure to be
12ng and 14ng for phenol and cresol, respectively.
We established our quality assurance test limits for
these tubes to approximate the analytical limit of
the method, or 11 .4ng on-column for each analyte .
These test levels ensure that Supelpak-70 resin purifi .
cation procedures are functional, reproducible,
and meet the requirements of OSHA Method 32 ,

Studies at Supelco, using ORBO-47 tubes, pro-
vided additional information about the reliability of

the adsorbent and the sampling procedure, Ad-

sorbent purity, bed weight reproducibility, and phe-
nol and cresol desorption efficiency were
determined .

GUPELCCI

For purity determination, three unused tubes
from each of two ORBO.47 tube lots were extracted
with solvent according to OSHA Method 32 . Chro-
matograms obtained from these samples were
compared to chromatograms for an external cali-
bration standard approximately equal to the
9.5mglm' action limit of o-cresol, and the 11mglmi
action limit of phenol, p-cresol, and m-cresol in air.
The tubes contained no contaminants that could
interfere with the phenol and cresol analysis at 1110
of these on-tube concentrations (Figure A) .

Backgroun d and for Pheno
l Tubes Ensure Analysi

s
i t. NaDntraNns . infernal at4444

2 o-cread
3 . pnena
4 Dcreae i

i 5. m .crad i
3 sA l

If

-JIu` ---- ~,

U., 12 15 70

SUPELCOWAX•10 borosiliCate gloss Capillorv column 60m x 0 75mm ID
' m0VC

C_'I, n, Flow Rate :1 ml miln . He. Da , PlO ~$c ple ,I me ha o containin
g

.

120 g eachphenol, 0-cresol, m-atonal . and o-cresot and 50ng inf
. Sid or 1ul of 2ml

methanol extract from blank ORBO-47 tube (int sid, added at
50ngitr,l),

6
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Consistent bed weights also help ensure accu-
rate results, The bed weight specified for the front
section of ORBO-47 tubes is 100mg . Front bed
weights for six ORBO-47 tubes averaged 100 .8mg
x1 .7mg. The small standard deviation signifies
highly consistent bed weights .

Consistent adsorbent bed
weights in ORBO-47 tubes help
ensure accurate sampling

We measured desorption efficiency of phenol
and cresol from Supelpak-70 using two methods .
For the first method, 4 ORBO.47 tubes were spiked
with 240r,gtml each of phenol and the cresol iso-
mers . Air was drawn across the tube at 0 .1 liters/
min ., the OSHA Method 32 recommended flow rate,
for 2 hours . Front and back beds were desorbed
separately in 2ml of methanol . Final concentration
of the standards in the extract was 120µg/ml . An in-
ternal standard, naphthalene was added to the
methanol at 50.tglml to eliminate Injection volume
variances .

Using the second method, three front beds of
ORBO-47 tubes, containing Supelpak-70, were
placed in sample vials. We spiked the vials with
240rsg each standard compound to approximate
the action limit of each compound . After equilibra-
tion, Supelpak-70 was desorbed with 2m1 of metha-
nol as in the previous method .

Table I - ORBO.47 Desorption Efficienc y
% Recovery

Phenol o-Cresol Cresol m Craaol
Method 1 99 94 93 92

104 105 104 102
101 103 101 10 0
111 106 104 105

Method 2 102 105 104 102
106 108 106 103
103 106 111 114

x-bar 103 .9 103 .7 1033 102. 6
%RSD 3 .8 4.4 5.3 6 .4

For each procedure, control vials were made by
spiking 2m1 of methanol with 240Ng of each stand-
ard . Table I shows that desorption efficiency is ex-
cellent for both methods.

Our results - combined with those obtained
from the OSHA group - show that the ORBO-47 tube
is an effective tool for monitoring airborne phenols
and cresols according to OSHA Method 32 .

You will also receive your ORBO-47 tubes very
quickly, since they are in stock and ready for deliv-
ery.

ORBO.47 Adsorbent Tubes, pk . of 50
2.0349T £95

SUPELCOWAX --10 Wide Bore Capillary Column
60m x 0.75mm ID Borosilicate Glass, 1 .0Hm film

2-3723T £52 5
For other custom or caaillary columns, refer to our catalogue or call our
Order Processing De ortment .

•Th,s product contains media manufactured under one or more of US
Pot . Nos. 4.224.415 . 4 .256.840:4 .382124: and 4,501,826, the purchaser isentitled to utilize ruts product under US Pat, No. 4,297,220 .

Rohm and Haas Comoony is the owner of US and foreign patents cover .
ing porous resins and polymers and specific end-users applications
Most of he parents are available to potential users only under license
for idenhhed fields

. such as chromatography, antibiotic recovery, meat
cal diagnostics, ant certain industrial chemical processes

. Unless the
application is specticaily authorized by Rohm and Hoos, those who

intend to use mocroreriaular adsorbents in such fields should request
appropriate licenses.

Reference

I Method 32 )Organics Methods Evaluation Branch, O5HA Analytica
l

Laporatory, $oh /cue City, Utah, USA (November 1981) .

Reference not QvoiIcale from Supelchem.

C

To Order, Call : (0799) 513288
Telex: 817074 • FAX: (0799) 513283
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New, Tested Column for Consistent Results
from Environmental Analyses

ince we introduced our 30m x 0 .25mm ID PTE'"-5
capillary column last year, many analysts have

inquired about the availability of an equivalent
0 .32mm ID column . In response to these requests,
we now offer a 30m x 0.32mm ID (0.25,um phase film)
PTE-5 column . Like their 0 .25mm ID counterparts,
every 0 .32mm ID column is tested and uncondition-
ally guaranteed to ensure consistent, highly reli .
able characteristics for analyses of semivolatile
compounds, according to many of the US Environ .
mental Protection Agency's 500, 600, SW-846, and
Contract Laboratory Program methods, We test
every PTE-5 column, to ensure reproducible relative
retention times, consistent high inertness, and low
column bleed .

PTE-5 columns are unconditionally
guaranteed to ensure consistent
characteristics for analysis of
semivolatile compounds by
US EPA methods

Bonded phase . SE-54-type capillary columns (5%
phenyli95% dimethyl silicone) - such as PTE-5 col .
umns are among the most widely used columns
for environmental analyses . These columns are
cited in Environmental Protection Agency (EPA ;
methods for many semivolatile organic com-
pounds, including compounds that are acidic, ba-
sic, or neutral .

To provide consistent results for these widely di-
verse analyses, a column must be manufactured
and tested under rigid specifications . We evaluate
the new 0.32mm ID PTE-5 columns by using the
same tests and the same 1S-component mixture we

SUPELCa

use to test our 0 .25mm ID columns (Table 1). As a
result, we unconditionally guarantee all PTE-5 col-
umns for three important criteria : consistent polarity
(measured by reproducibility of relative retention
times), inertness (measured by reproducibility of rel-
ative response factors), and consistently low col-
umn bleed .

Reproducible relative retention times (RRT) are a
critical requirement of a column used for environ-
mental analyses, because many analysts establish
and rely on retention time windows for preliminary
identification of sample components . Even small
column-to-column differences in polarity can alter
relative retention times and put identification of
sample components in jeopardy . We monitor the
RRT for three components of the 15-component test
mixture - one eluting early, one at the middle, and
one near the high point of the column temperature
profile . These three components are sensitive indi-
cators of shifts in column polarity that could ad-
versely affect the consistency of column-to-column
performance .

Table 1 - Test Mixture for
Evaluating PTE-5 Column s
Component Concentratio n

(ng/ i )
N-NONrosodiiii ylamine 1
Aniline

1 0
Benzoic acid

'
1 02 .2 -Difluorobiphenyl (int . std 5

3-Nitrooniline 1 0
2 .4-Dinitrophenol

1 0
4-Nitrophenol 1 0
4-Nitroaniline 1 0
Pentachlorophenol 1 0Phenanthrene 5Anthrocene 5
Benzidine 1 03,3 Dichlorobenzidine 1 0
Benzo(b)fluoranthene 1 0
Benzo(k)fluoranthene 1 0
Benzo(g,h,i)perylene 1 0

a
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Table 2 shows the mean RRT fof these compounds
obtained from 27 of our new 0 .32mm ID PTE-5 col-
umns . Standard deviations and coefficients of vari-
ation are minimal, demonstrating very good
column-to-column reproducibility .

Linear relative response factors, critical in a col-
umn used for environmental analyses, are a reflec-
tion of column inertness . For accurate quantifica-
tion of sample components, many US EPA methods
require that linear calibration curves be estab-
lished over the concentration range of interest . We
have determined that 0 .32mm ID PTE-5 columns pro-

Linear relative response
factors show that PTE-5
columns are inert

vide a linear calibration curve (six data points) with
on-column quantities of 5 to 200 nonograms for
each of the 15 components in our test mixture . This
includes the five known to exhibit erratic chromato-
graphic behavior : benzoic acid, 2,4-dinitrophenol,
3•nitrooniline, 4-nitrooniiine, and pentachlo-
rophenol . Figure A shows typical calibration curves
for an acidic compound and a basic compound
from one PTE•5 column . These linear data plots con-
firm the highly inert nature of PTE-5 columns,

From these response data, we have selected five

components of the 15-component test mixture to
routinely monitor on every PTE-5 column as indica-
tors of column inertness . These compounds - ben-
zidine, benzoic acid, 2,4-dinitrophenol, 4-nitroani-

line, and pentachlorophenol - exhibit the greatest

variability in linearity of response evaluations, and
therefore are the most stringent test of PTE-5 column
performance . As a consequence of this stringent
testing, you can be sure PTE-5 columns are consist-
ently inert .

in the proposed US EPA Contract Laboratory Pro-
gram (CLP) semivolatiles procedure (1), relative
standard deviations for response factors (relative to
deuterated internal standards) for Initial calibra-
tions of 54 target compounds must fall below speci-
fied values ranging from 15 to 30% . Eleven com-
pounds, including 4-nitrophenol, 2,4-dinitrophenol,
and 4-nitroaniline, have no maximum o%oRSD crite-
ria because of their "erratic and poor linearity and
sensitivity" For a 0 .32mm ID PTE-5 column, randomly
selected from inventory, %RSD values for these
problem compounds ore comparable to - or
lower than - values for better behaved com-
pounds (Table 3) .

Furthermore linear responses are reproducible

Table 2 - Highly Consistent Relative Retention
Times for PTE-5 Columns

Rotative Retention Time '

I N-Nftrosa- i 4-Nitro l 1Benzo(g,h•i)-hp en odimelhylamine perylene
Mean" 0.184 1.162 2.27 3
Standar d
Deviation 0.009 0.003 0.005
% Relative
Standard
Deviation 4.79 0 26 0.2 2

:Retention of 2,2 am uo r obsPhenyi = 1 .
'N _ 27 0.32mm ID columns.

Figure A - Obtain Linear Calibration Curves
for Acidic and Basic Compound s

from the some PTE-5 Colum n

x00011` 0pj 2+000"M
PTE-5 fused silica capillary column . 30m x 0,32mm ID, 0 .25um film .

Table 3 - Highly Consistent Relative Responses
for Problem Compounds - Usin g

a 0 .32mm ID PTE-5 Colum n
Overall Relative Response Factor '

Compound Standard I %RelatlveMean D Standardiev ation
I I Deviation

Benzidine 0.831 0.073 8.812.4-Dinitrophenol 10 .431 O.C66 15.354-Nitrooniline 0.694 0.019 2.79
4-Nitro phenol 0.836 0.028 3.39
Pentochlorophenol 0 .894 0.029 3.21

3 anc-.ses ar eocn of 5 concemronans 20 . 50 . 80. 120 b ong,,l ,
Fused sa .ca cofurns manufactured enter HP US ?ot No 4,293 .415.

(C_ ;': . On „cy^e '0)
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from one PTE-5 column to the next . Table 4 shows
average coefficient of correlation values for six .
point calibration curves for 12 randomly selected
columns . The mean values are all near 1 .000, and
standard deviations are minimal .

Column bleed is the third column performance
criterion we evaluate . Low bleed is necessary to
meet sensitivity requirements of most US EPA meth-
ods, to shorten stabilization times, and to minimize
the need for cleaning mass spectrometer Ion
sources . We evaluate PTE-5 column bleed at 3000C .
using an F1D. Bleed must be below 7 .5 picoamps,
but these columns typically exhibit less than 5 pi-
coamps of bleed under these test conditions .

Several applications demonstrate the inertnes s

PTE-5 columns typically exhibit
less than 5 picoamps of bleed
at 300°C

and versatility of new 0 .32mm ID PTE-5 columns . Phe-
nols, as analyzed according to US EPA Method 8040
and Method 604, are among the most difficult envi•
ronmental analytes to analyze . Because these
compounds interact with poorly deactivated col•
umns and injector liners, the ability to resolve unde-
rivatized phenols, while maintaining peck sharp-
ness and symmetry, is a severe test for a capillary
column . Figure B shows that 18 phenols mentioned
in EPA Method 8040 are well resolved - with excel-
lent peak shape - in less than 23 minutes .

Polynuclear aromatic hydrocarbons (PAHs), ana-
lyzed according to EPA Method 8100 and Method
610 and the CLP semivalatiles protocol, also are de-
manding of column inertness . Figure C shows that a
PTE-5 column will resolve the 16 PAHs listed in Meth-
ods 8100 and 610, plus dibenzoturan and carba-
zole . Note, in particular, the separation of ben-
zo(b)fluoranthene and benzo(k)fluoranthene, and
indeno (123-cdlpyrene and dibenzo(a,h)anthra .
cene) .

Analysis of chlorinated herbicides in drinking
water (EPA Method 515 .1) calls for converting the
chlorinated acids and phenols to methyl deriva-
tives, then analyzing them with electron capture
detection . Figure D shows the analysis of 10 of thes e

$UPELCO 10

Table 4 - Relative Responses are Consistently
Linear for 0 .32mm ID PTE-5 Column s

Coefficient of Correlatio n

Compound M ean' Standa rd Coefficient o f
Deviation Variation (% )

N-Nitrosodimethyl .
amine 1 .000 0.000 0.02 8

Aniline 1 .000 0.001 0 .05 5
PentaChlorophenCl 0 .999 0.001 0 .05 5
Benzoic acid 0 .999 0.001 0104
2,4-Dinitrophenol 0 .997 0.002 0 .198
3-Nitroaniline 0 .999 0.002 0 .156
4-Nitroaniline 0 .997 0.002 0 .15 5
4-Nitrophenol 0. 998 , 0 .002 0 19 6
Benzidine 0 .993 0.007

.
0 .69 7

'N - 12 ronCOmly selected columns .

Figure B - Phenols by EPA Method 8040 on a
0 .32mm ID PTE-5 Colum n

4 .5
31

e

1 0

a
9

1. Pheno:
2 . 2-C1 :oronnonol
3 . oC :eso r
4 . mC :eo
5 . 'C .ew i
4. 2-Ni1ruonenol
7. 2 .4O ,me1oylphen0l
a. 2 .4crc^roto0h,ns
9.2,6-2,ce:oropnenol

10 . 4C n i : : o•3•m ettryr Onenol
11.2fl n1Orppnenot
12 .2.45'T c,lompnen.1
13 . 2 .4.C ;nVOPheno 1
14 . 4Mtr^.̂nenol
15. 2 .34, y;enachlompnenol
16 2p•~M e 1.'y 4, 6•D 1 m tro ohe n o l
17. penlcc,,Qmon"Of
1 a. 2sec auryra,b.c I h;lroPnenol

I .

1 1 1
a 0 12 14

Min
t6 s 20 22

rooms
PTE-5 fused silica capillary column, 30m x 0 .32 .mm D. 0.25"m film .Cot . Temp . ; SO'C too 3 min .. then to 200°C Cl C'C,'min . Linearvelocity: 30cml ec, He, Del .: FID (16 x 1D" AFSi. Sample : a2-propanol containing 50ng each phenol ,

4l.• o•ces Pouaa Lan,ng
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Figure C - Polynuclear Aromatic
Hydrocarbons by EPA Method 810 0

1 . Nopmnc,ene 10 PYrene
2 . ACenabr'ryiene it 90,1204010n1hracen0
3 . Acenoorlrene 17 Cnrvsone
4
. Fiuorene 13 80n30)D)IIuoroninene

S. Dlbenrcll,,Cr 14 5enrp(k)Iiuor0nrnene
6. Phenanrn•ene 15 senrsfolpv-'en e7. Anthrac'ne 10 . lreeno(/ 2 .3 .calpyrene
8. COrbam,e !7 ai benro(a nlantn+OCene
9. Fluoronrnene is 9ento(gngperyien et

3
S

7
9
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I

i
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16

6,
7

(1 I
I I I I I I
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2 10 12 14 re 16 20 22 24 26 2e 30

Wit.
32 34

2,00054"s
PTE-5 fused silica capillary column, 30m x 0.32mm ID, 0.25,an film,Col . Temp. : 35°C for 4 min., men to 320'C of 10PClmin., Linear
velocity: 40cmtsec, He, Dot, ; FiD (16 x :D" AFS). Sample : 1pl
methylene chloride containing 25ng each PAH

Figure D - Chlorinated Pesticides as Methyl
Derivatives, by EPA Method 515 .1

1 . Dolopon, 4ng 7. PCP, 0 .4 n
2. 14-OI0nIoioph,MloCOtiC Ocio S. 2.4.5.7P, 0 .$ng

csrrogale Sir: 1 . 4$ng 9. 2,4,5.1, 08ng
3 . DlcomOa. 2ng 10.2.4.08, 0.8ng4. OlanlprPro0. SCrnq 11. Dinoseb, 0 .8n g

t S 2• . Se; 12. Piclorom, irg6. 4,4 •OibrO 10Oa fluarpblpnenyl
(internal std) 0 4ng 3 12

herbicide derivatives an a 0 .32mm ID PTE-5 column,
of concentrations of 0 .4 to 5 .0ngiµl . All compounds
are separated ,

It you are performing analyses of semivolatiles in
environmental samples on a bonded SE-54-type
capillary column, and highly consistent column-to.
column performance is important to you, we highly
recommend our 0 .25mm ID and new 0 .32mm ID PTE-
5 columns . We test every column to ensure highly
consistent performance. And we guarantee you
will be consistently satisfied with PTE•5 column per-
formance - or you can return the column for a new
one or for a refund .

PTE-5 Fused Silica Capillary Columns
30m x 0 .32mm ID, 0.25um film 2.4143T £371
30m x 0 .25mm ID, 0 .25um film 2-4135T £359

PTE-5 Column for Rapid Screening Analyse s
of Hazardous Waste Samples

PTE-5 QTM Fused Silica Colum n
15m x 0,53mm ID, 0 .5µm film 2-5355T £259
'or our extensive line of environmental standcrOS, please refer ;o Our
general catalogue or our new Environmental Chromatography

Pio0 .. Cts CalCiogJe .

-used silica columns manufactured under HP u$ Pat No 4,293 41 5

Reference

t table 2 (Relative Response Fac :cr Criteria for Initial and Conhnurng
Calibrclicn of Semivoionfe Grgcmc Compounds) in section Mernod
for me Determination of ;,.rrccrable SemivoIcrrle Organic Com.Pounds (Oct 18 . 1989) of draft Statement of Work for Organic Andiysis .
Mutnmeclo ,Mulhconcenrrctron

. US EPA Contract Laboratory Program(Oct . "989) .

Reference not available from Suoelcnem .

Trademarks

9

Amberlne - Rohm and Haas Co .
Cleaving - Supeico,Inc ,
Freon - E . I . du Pont de Nemours & Co .. Inc.
ORBO - Supelco. Inc.
PelrocoI - Supelco, Inc.
Poiywcx - Petr0li1e Specialty Polymers Grou p
PTE - Suoelco, Inc .
SUPELCOWAX S

10
- upelco. Inc .

SPS - Suoelco . Inc .

40

Supelaok - Supelco, Inc.
Supelpre .me - Supelco, Inc .
Supeltex - Supelco, In c
XAD - 2cnm and Haas Co

I I ) , _-
.._ ._I w iIi

2 Prices Ex-wOrks plus V A T4 e
6 to 20 22 24 28 28 30 32 34

.. .
Minimum order -130.

vows-000s
PTE•S fused S ilica capilla ry column, 30m x 032mm ID, 0.25om film ,
Col . Tema. : 601 C to 300 °C of 4'G'min . . Linear Velocity: 30crtnlsec .He. Oct ECD (256 x 10" AFS). Sample ivi Hexane, on-colum nquantities of Herbicides listed on figure .

(Prices sualect to cnange I
For commute explanation of Suoelco's limited warranty, see ou rmost recent

,explanatio n

I
0

1 1
All PriCeS PCUrc 5 .0,ng

J
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rconrd from aacu pagel Analyze Chlorinated PeStiuaes wnn Two Coriilcry Columns

ensures excellent column inertness . In addition,
the SPB-608 column offers exceptionally low ECD
bleed levels .

When analyzing for Method 608 pesticides in
samples of unknown origin, compound identifica-
tion should be supported by at least one confirma-
tional analysis . This confirmation is frequently
performed on a second column, containing a sta .
tionary phase with a different polarity than the pri-
mary analytical column . Our PTE-5 column Is a
logical choice for the confirmational analysis .

A PTE-5 capillary column separates the or-
ganochlorine pesticides listed in EPA Method 608
in less than 30 minutes (Figure 8) . It also shifts the
elution order - relative to that provided by the
SPB-608 column - of nine of these 16 pesticides
(Table 1) . And, compared to the some analysis on
the SPB-608 column, it shifts the relative retention
times (RRT) of all the pesticides . These RRT shifts -
caused by differences in column polarity - pro-
vide greater assurance that the compounds have
been correctly identified . Elution orders of the pes-
ticides listed in Table I were confirmed by GC,MS .

When we developed our PTE-5 column for the
demanding analyses of the semivolatile pollutants
listed in US EPA Methods 625, 1625, and 8270 (1), we
significantly improved the inertness of the bonded
SE-54 type stationary phase . We were able to do

Figure B - Chlorinated Pesticides Using
PTE-5 Capillary Column for Confirmation

in Dual Column Procedure
1 . a•BHC
2 r•8HC
3. 5-6H C
4. Hepracnlo,
s. o-eH C
4. Alar m
7, HepFQChlor epoxid e
8. Endosuttan I
P 4.4 -DO E

10 . Dislann
11 . Enar+n

4

,' 3

12 . 4.4-000 16

13 Endosulfan 9
+d . 44 .DDT
+5 Endnn ofcemrde

113.12 14

16. Endosulfan xUllOle r 11 5

I ~i l

0- 11
I I 1 1 , I

® '2 20
Mm

this by improving manufacturing procedures for
this column . We check each column's inertness
with priority pollutant compounds notorious for
poor chromatographic performance . Among
these compounds are benzoic acid, 2,4•dinitro-
phenol, pentachiorophenol and benzidine.

Our priority pollutant mix is also used to check
relative response factors . For this evaluation, we
use on-column quantities of 5.10 nanograms for
each compound. These levels are at, or below, the
minimum detection level (MDL) of EPA Method 625 .
In addition, we check each PTE-5 column's polarity
to ensure that relative retention times of the priority
pollutants fall within the retention time windows
specified in EPA Method 625 .

Each PTE-5 column will provide linear calibra-
tion curves for the analyses listed in EPA Method

Table I - Different Elution Patterns of
Chlorinated Pesticides .

SPB-608 Colum n
Component RT RRT"

(min. )
1 . a-BHC 13 .52 0 .75 8
2 . y-BHC 15 .09 0 .846
3 . i3-BHC 15.46 0 .86 7
4 . Heptachlor 16.58 0 .929
5 . c-8HC 16.83 0 .943
6 . Aldrin 17 .84 1 000
7 . Heptachlor epoxide 19 .9 1 .11 5
8 . Endosulfan I 21 .2 1 .18 8
9 . 4 .4DDE 21 .98 1 .23 2

10 . Dieldrin 22 .28 1 .24 9
11 . Endrin 23 .48 1 .31 6
12 . 4 .4DDD 23 .91 1 .34 0
13 . Endosulfan it 24.13 1 .353
14 . 4 .4 -DDT 24 .96 1 .399
15 . Endrin aldehyde 25.18 1 .41 1
16. Endosulfan sulfate 25 .72 1 .44 2

PTE-5 Colum n
Component RT RRT "

(min . )
1 . o-3HC 9 .54 0 .654
2 . ? .3HC 10 .72 0 .735
3 . 0HC 10 .44 0 .71 6
4. e-3HC 13 .36 0 .91 6
5. Heptachlor 11 .52 0 .790
6 . Aldrin 14 .59 1 .000
7 . Heptachlor epoxide 15 .96 1 .094
8 . Endosulfan I 17 .2 1 17 9
9 . 4 4-DDE 18 .08

.
1 .23 9

10 . Dieldrin 18 .02 1 .23 5
11 . Endrin 18 .8 1 .28 9
12 . Endosulfan II 19 .38 1 .32 8
13 . 4 .4 -ODD 19 .1 1 .309
14 . Endrin aldehyde 20 .64 1 .41 5
15 . Endosulfan sulfate 19 .7 1 .350
16 4 .4 -DDT 20 .5 1 .40 5

sowcdtas4

PTE-5 used silica capillary column, Sam x 0 .25mr-. 'D '0 .25um film
thicknesst . linear Voiocty 25cm sec. He at 290'C . Cci Temo .: ISO'C
(hold for 4 minutes) . 4'C :rnin . to 290'C (Hold for S m .^_tes or until an
16 pesticides elute), Det ECD, (256 x 10' AFS) at 310' C Soul lni : Van,
Flow 45.7QCCmrn . . Temo 2504C Vol. : 0 .5j . Sample '4 Chlorinated
Pesticides Mixture (100p9 each compound) .

BUP136CO

Ch(Omc' ; .;-Z0h1C COntlifions shown in Figures A cnC 9
'Indlcctet e - . an order shift Compared to the SPB-608 column
°'Relonve ., 2 con
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625, within the specifications of the method . And,
like our SPB-608 column, our PTE-5 column resolves
endrin and 4,4'-DDT from direct injection samples
of on-column quantities of 1 picogram . FID and
ECD bleed levels for the PTE-5 column ore very low
(less than 5 picoamps FID bleed at 3000C) .

. 2

5

4

.r--+l - 4 t ~~ ~ 1 E 111 III I

0 . I i8 12 16 2 10

1 . a•enc
2. r-8HC
3. A-8H C
4. Heptachlor
5. 38C
6. Aldan
7 . 1,140tdenlor 4po8,d4
0 . Enaos1Han 1
9 4 .4 -ODE

10 . Dlelah0
11 E ,on',

12 4.4 -DO D
13. Endasulton u
14. 4,4-oa t45

. EndrIn old.Ma4
16. Endosui;on mllor4

Figure C - Single Column Analysis
of Chlorinated Pesticide s

on SPB-608 Capillary Colum n

SPB-608 fused silica Capillary column . 30m x 0.25mm ID (0.25um film
thickness). Linear Velocity; 25cmisec., He. Cal . Temp . : 1504C (hold
for 4 min .) . VC/min . to 2904C (hold for 5 minutes), Oct. : ECD (32 x %11
AFS), Int . Vol. : 0.5ut, Sample : 16 Chlorinated Pesticides Mixture (200pg
each compound).

2

Figure D - Single Column Analysis
of Chlorinated Pesticides on

PTE-5 Capillary Column

5

4 . .-SHC 0. 4 .4'.ODI
2 . r-8HC 10. D,Nd,,n
3 . 0-8HC It Endrm
4 . Heptachlor 12. 4 .4 -ODD
5 . 6.814C 15. Endmultdn it
6 . Alarm 14. 4,4 .OOt
7 . Heptachlor epo4de 15 . Enonn aldehyde
8. Enaosullen 1 16 . EnaosuitOn sulfat e
e

3

4

After selecting the columns for the primary and
confirmational pesticides analyses, we saved time
by performing both analyses simultaneously . To
obtain effective dual column confirmational anal-
yses - without loss of column performance - you
must have similar linear velocities through the two
columns . This is best accomplished with columns
of equal length and diameter. We used 30-meter
columns with internal diameters of 0,25mm .

Also, different temperature programs cause
a shift in the retention order of at least one pair of
closely eluting peaks . We achieved optimum sep-
aration of all listed pesticides, on both columns,
with a temperature program rate of 6°Clminute . A
comparison of the dual column analyses in Fig-
ures A and 8 with the single column analyses in
Figures C and D shows no obvious deterioration in
chromatographic performance .

Under the conditions we established for this
dual column, single injection procedure, our SPB-
608 and PTE-5 capillary columns make excellent
choices for the analysis of the organochlorine pes .
ticides listed in EPA Method 608 . Different station-
ary phase polarities result in different elution
patterns for these pesticides, ensuring a more con-
clusive confirmational analysis . And by perform-
ing simultaneous analyses from a single sample
injection, you save precious analytical time .

PTE-5 Fused Silica Capillary Colum n
Sam x 0 .25mm ID
(0.25gm film thickness) 2 .4135T £359
SPB-608 Fused Silica Capillary Column
30m x 0 .25mm I D
(0 .25rrm film thickness) 2 .4103T £379
Pesticide Mi x
(for Method 608 analyses) 4-8858T £3 8
Supelpreme,'m-NC Pesticides Mi x
(does not contain 4 .4'-DDE fo r
Method 608) 4.8903T £8 1
Supeltex`° M-2A Ferrul e
(two-hole, 0 .4mm ID) 2-2467T £3015
Fused silica columns manufactured under HP US Pat . No. 4 .293,415.

I I 1 f I
t0 12 12 t8 18 2 I0

Mm

1
22

1
24

209007-0001

PTE-5 fused silica caoitI ry Column, 30m x 0.25mm (0 25um filmthckness). Linear Velocity. 25omrsec . He .. Col . Temp. tSO'C (holdlot 3 min .). 5'C.min . °a 290°C, Oct ECO (2 x 40' AFS) . ,nl . Vol : O.5Hm,Sample : 16 Chlormaea Pesticides mixture (200pg each ccmaound),

Reference

Quality Control Protocol for The Fused Silica Capillary Column Gas

ChromatcgraphyfMOSE Scecftometry Determination Of SemivOlatde
PrvorlN Pollutants, Revrs,on 3 .1 . Sept. 1981, US EPA. Los Vegas Nevada
USA

Retefence not available from SuDelchem .
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Suggestions for Better Chromatograph y

Reliable, Safe, Easy-to-Operate
Packard Hydrogen Generators

With a flick of a switch, Packard Model
8200 and new Model 8400 Hydrogen
Generators deliver 99 .992% pure hydro.
gen to your sensitive GC analytical sys-
tem. Combining ease of operation and
minimal maintenance, these units pro-
vide high continuous flow rates (up to
500cctmin. for Model 8400) and excel .
lent reliability.

Packard hydrogen generators elimi .
nate the hazards of high pressure cylin-
ders and the dangers of alkaline
electrolyte solutions, They even prevent
electrolytic cell contamination by moni-
toring the quality of deionized feed wa-
ter. A built-in desiccant cartridge
reduces water in the generated hydro-
gen gas to less than 80ppm .

Each generator occupies only a
square foot of bench space. The Model
8200 generator delivers up to 250cc,min .
of Hz at pressures from 2 to 60psig ; the
Model 8400 generator delivers up to
500ccimin .

Operated continuously at maximu m
output, each unit will produce pure hy.
drogen for two weeks from only a single
tilling of deionized water. These genera .
tors also fulfill all federal government
safety regulations and meet local tire
regulations for the use and storage of hy-
drogen .

SUPEt.CO

o0N ti_Lz

Packcrd Hydrogen Generator s
Model 8200 2.27501 £3755

Model 8400 2.28001 £635 8

V Model 8400
SAVE Introductory price £5722

(10% discount)
~J~ Discount expires 28 12 90 .

1 4
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Find Gas Leaks
Quickly and Easily

„m ., no,

Stop worrying about annoying, costly ,
or potentially dangerous gas leaks . This
easy-to-use GOW--MAC Leak Detector will
locate even minute leaks. Sensitive to he-
lium, hydrogen, Freon, , carbon monox-
ide, carbon dioxide - or any gas with a
thermal conductivity sufficiently different
from air - the GOW-MAC Leak Detector
works equally well at ambient or ele-
vated temperatures. And it is more sensi-
tive than liquid leak detectors .

The wandlike probe will readily search
out the most difficult-to-find gas leak -
even where several fittings are grouped
together. This detector is indispensable
for low flow capillary systems, where liq-
uids can contaminate the column ,

Minimum leak rates of I x 10'' cclsec-
ond of helium or 5 x 10° cc/second of by
drogen produce 10% of full scale
deflection. The meter reads out on two
sensitivity levels . A high/low switch lets
you control sensitivity. Both models oper-
ate at 115/230 VAC, 50/60 Hz . The deluxe
unit has an audible leak alarm and an
internal, rechargeable battery, For more
information, call us and request GOW-
MAC product brochure SB-21 .

GOW•MAC Gas Leak Detecto r
2.2408T £848
2.2409T (deluxe unit) £1060

Capillary Cleaving-
Tool Permits Perfect
Butt Connection s

Our Capillary Cleaving Tool will
cleave your fused silica and glass capil-
lary tubing cleanly with only one slight
stroke . The resulting cut will not only be
perpendicular, but no residue will re-
main to encroach inside your tubing
and cause problems later on . This clean
cleave will allow you to make perfect
butt connections. In fact, we know of no
other tool that will consistently perform
the ultrasmooth cuts required for the
glass butt connectors .

The Ccpillary Cleaving Tool is espe-
cially beneficial when cleaving fused
silica tubing, A diamond-tipped cutter
will only cause the polyimide coating to
react like a rubber sheath, gathering
and ripping instead of separating
cleanly. But the Capillary Cleaving Tool
will slice through polyimide coating like
a scalpel . cut otter cut .

At Supelco we have used this handy
tool everywhere, from quality assurance
to production, with enormous success .
The blade has four sharp edges that may
never wear out . Our Capillary Cleaving
Tool does such a tine job you simply
have to try it to believe it .

Capillary Cleaving Tool 2 .3740T £4 2

1 5
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Analyze Chlorinated Pesticides
with Two Capillary Columns

To save time when performing dual column
confirmational analyses of US EPA Method 60 8

organochiorine pesticides, use our 30M x 0.25mm
ID SPB -608 and PTF"-5 capillary columns . Simply
connect both columns to the some injection port
with a two-hole ferrule, and use two electron cap-
ture detectors (ECDs) . Using a single injection, the
SPB-608 column serves as the primary analytical
column, while the PTE-5 column provides the can-
firmational analysis ,

Our SPB•608 capillary column was developed
specifically for the separation of the organo-
chlorine pesticides and PCBs listed in EPA Method
608 . Under the conditions developed for our confir-
mational procedure, the SPB-608 column sepa-
rates Method 608 pesticides in less than 30 minutes
(Figure A) .

Each SPB-608 column is tested with a mixture of
16 chlorinated pesticides, selected from the com-
pounds listed in Method 608. The relative ECD re-
sponse for endrin and 4,4'-DDT is also measured .
Minimal breakdown of these unstable compon-
ents - at an on-column level of 160 picograms -

Fused silica columns manufactured under HP US Pat . No. 4 293 .415,

Figure A - Chlorinated Pesticides Using
SPB-608 Capillary Column for Primary Analysis

in Dual Column Procedur e
1 . .'shc
2. r•6cc
3 .p2HC
4 . Hep:Cchfo r
5 . a6HC
6 . Alda n
7 . Heptachlor epOeids
6 . Encosulran 1
9 . 4.4 -ODE

40, Die,ann
11 . Encrm
12. 4.4 -DO D
13, Endasulton II
14. 4,4 .DDf
15. Eno-' ;M aldehyde
16. Enposullan sulfate

4 6

I

:l.

4 t

6

ID
13

12' 1 4

»
12 16

M.n . 24

S

SP&608 fused silica capillary column . 30m x 0.25mm to (0 .25 .m tiro
thickness), Linear Velocity : 25cm,sec. He at 290°C. Col, temp : 150°(hold 4 minutes), 6°0min . to 290°C (hold for S minutes or until an 16
Pesticides elute), Del .: ECD (128 x 1D" AFS( at 310=C, Split Inj .: Vent
Flow 65-70cc min„ Temp . 250°C . Vol. 0.5.1, Samale : 16 Chlorinated
Pesticides Mixture (100pg each compound) .

!conic. on cc ; p
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