Selecting the Best Column for
Your Analysis

1. Factors Influencing Separation
2. Selectivity

. Film Thickness

1D

. Length

6. Capacity Issues
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Column Selection
Factors Affecting Separation

Seven Main Factors Affect Separation

(note: other minor factors exist)
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Effects of Column Length, ID,
Flm Thickness and Phase Type

General Resolution Equation

1 L K a-1
= / X— X —
4 h k+1l «

L = column length
h=HETP

K = capacity factor
a = selectivity

NOTE: Baseline resolution = 1.5
3
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Column Sealection
Variables to Consider

Variable:
Stationary phase

Controls:

solubility, capacity, efficiency,
resolution (R), retention timegft
analysis temperature, bleed

Film Thickness

capacity, efficiency, Rgt, T°, bleed

1D

capacity, efficiencyg

Length

total efficiency (total plates), Ry 1
Cost
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Stationary Phase Selectivity

Chemistry of Stationary Phases

Effect of Selectivity on Separation

Effect of Selectivity on Analysis Time

Special Purpose Columns (Application Specific)
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Stationary Phase Selectivity

Determinants of Stationary Phase Selectivity

Type and amount of substituted

functional groups
(CH ) 5 CH
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Ritx®-1

Cng

— S1I—0 —
|
——  100% ——
Dimethylpolysiloxane

Polarity: east polar bonded phase

Uses: poiling point separations (solvents,
petroleum products, and pharmaceuticals)
Properties.  min. temp. (-60°C), max. temp. (360°C to
430°C)
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Rtx®-5, 20, 35, 65

Q

— S
|

C|H3

— SI—0 —
|

@ CH,

e.d., Rtx-5: 5% diphenyl 95% dimethy!

non-polar

boiling point separations (aromatics,

flavors, environmental samples, and
aromatic hydrocarbons

min. temp. (-60°C), max. temp. (34O°C8to
360°C)

Polarity:
Uses:

--Properties:
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Ritx®-50
- @ _

— SI—0 —
|

100%

Phenylmethyl polysiloxane

Polarity: Intermediate polarity
Uses: triglycerides and phthal ate esters
Properties.  min. temp. (0°C), max. temp. (340°C)
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Rtx®-1301, 624, 1701

©

C|H3

— SI—0 —
|

Cyanopropylphenylpolysiloxane

Dimethylpolysiloxane

Polarity:
Uses:
Properties:

Intermediate polarity
pesticides, Aroclor®, alcohols, and oxygenates
min. temp. (-20°C), max. temp. (280°C)
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Ritx®-200

T

CH,
|

|

Trifluoropropylmethyl polysiloxane

Polarity: selective for lone pair electrons
Uses: environmental samples, solvents, and Freon®
Properties:  min. temp. (-20°C), max. temp. (360°C)
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Stabilwax®

Carbowax PEG

Polarity: polar
Uses: fames, flavors, acids, amines, and solvents
Properties.  min. temp. (40°C), max. temp. (250°C)
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Ritx®-2330

(C H2)3 (CHZ)B

| |
_Sli O Sli—O—

(|CH2)3 @

C=N

. T 90% 10% —— _
Biscyanopropyl — Cyanopropylphenyl polysiloxane

Polarity: very polar

Uses: cis/trans isomers

_Properties:.  min. temp. (0°C), max. temp. (275°C)
1
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Stationary Phase Selectivity
Boiling Point vs. Solubility

e All columns are “boiling point” columns withia
homologous class of compounds

 However, the solublility of a compound in the

stationary phase Is a better predictorydhan
boiling point
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“2 Pro ezGC for Windows

File  Solutionz  Expermental  [ndice:  Calculator Miew  Window  Help

Lholution 1 - 8 out of 10 components resolved >= 4.06

aolution 1- RE-1 30 mx 0320 mm 1.0 Jrm
FO°C (10 Linear “elocity © 20.00 cm/sec
12005
10003 Lese 88 > s i
~ 2009 Cal
= ] alc
£ 6003
E 4[":'_; ..i.:.i.:.;
D: T T T T T T T — T — T T L | —
0 1 y 3 5 & 7 10 Y-
Time {min) ?

Golution 1 - Tabular

Run Conditions:
Dimensions:
Temperature:
Carrier Gas:
Flow:

Head Pressure :
I njection:

Detector:

Ritx-1

30m, 0.32mm ID, 1.0 pm
70°C Isothermal

Helium at 20 cm/sec
0.989 mL/min

5.91 psig

Split

FID

1. acetone

3. propanol
4. MEK

6. butanol
/. 3-pentanone

9. pentanol

| Etartl 2 Inbox - Microzoft Outlook “E Pro ezGC for Windows

(BPrdd §:364M



22 Pro ezGC for Windows

File  Solutions  Expenmental  [ndice:  Calculator Wiew  Window  Help

Solution 1 - 10 out of 10 components resolved >= 4.00

Solution 1- StabilWax 30 mx 0.320 mm X 1.0 Jm
TOC (41 Linear %elocity © 20.00 cr/sec
IEDEI—: 2 3
1|:||:||:|—§ 1\ /-'-1 5 B g 9 10 iﬁ}
.. 3007 Cal
= ] alc
& 600 .
= AIEII]—; H
D: T T T |J —r Tt r T Tt r Tt T T 7 T 1 T ! 1 —
1] 5 10 15 20 25 30 35 40 ﬁ
Time {rmin) ?

Solution 1 - Tabular

Run Conditions: Stabilwax

Dimensions: 30m, 0.32mm ID, 1.0 um

Temperature: 70°C |sothermal

Carrier Gas: Helium at 20 cm/sec

Flow: 0.989 mL/min

Head Pressure:  5.91 psig

Injection: Split
Detector: FID

S. acetone
6. MEK
/. 3-pentanone

8. propanol
9. butanol

10. pentanol

| Etartl 2] Inbow - Microsoft Outiook

ﬁ Pro ezGLC for Windows
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Special Purpose Columns

Rtx-CLPesticides / CLPesticides?
Ritx-OPPesticides / OPPesticides?
RtX-TNT / TNT?2

Rtx-BAC1 / BAC?2

RiIX-VMS, Rtx-VGC, Rtx-502.2, Rtx-VRX
Rtx-5 Amine, Rtx-35 Amine
Stabilwax-DA, Stabilwax-DB

Chiral columns

Rtx-500
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Film Thickness

Effect of Film Thickness on Analysis Time
Effect of Film Thickness on Separation
Thin Films

Thick Films
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Film Thickness Effects
0.25umRtx®-1

30m, 0.32mm ID, 0.25um M cReynolds probes

} 16 1. 1-butanol
.

2. benzene
3. 2-pentanone

8 4. C,

5. 1-nitropropane
6. pyridine

7. G
8. G
9. C, 5.5 min

70°C isothermal

Ea(




} 1

FIlm Thickness Effects

1.0umRtxX®-1

30m, 0.32mm ID, 1.0pum

McReynolds probes

1. 1-butanol
2. benzene
. 2-pentanone
4. C,
. 1-nitropropane
. pyridine
. Cg
.Gy
.Cy 18 min.

70°C 1sothermal

by 4




FIlm Thickness Effects

3.0umRtx®-1

30m, 0.32mm ID, 3.0um  McReynolds probes
1,2,3 6

1. 1-butanol
2. benzene
. 2-pentanone
4. C,
. 1-nitropropane
. pyridine
. Cg
.Gy
.Cy 68 min.

70°C 1sothermal

5

All are
baseline
resolved

38
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FIlm Thickness Effects

5.0umRtx®-1

30m, 0.32mm ID, 5.0um M cReynolds probes
1,23 6

. 1-butanol
. benzene
. 2-pentanone
.C-
. 1-nitropropane
. pyridine
. Cg
.Gy

.Cy 117 min. | 8 70°C
| /\ Isothermal

_aia 12 16 20 24 28 32 36 40
2eoue(

Lower 5
resolution
due to peak
broadening
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Film Thickness Effects
Efficiency (TZ)

. 0.251011)

|\
o< P
‘/\Oajzmm
X
PR

1 2 3 4 5 6 7 8

Film Thickness (um)

ESTEC




Thin FHIms
Compatible with Wide Boiling Range Samples

Provide low stationary phase bleed necessary
for analyzing high MW compounds
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Thick Films
Good for Low MW Analyses. e.g., Solvent Purity

Rtx-1:  30m, 0.53mm ID, 0.25um Rtx-1: 30m, 0.53mm 1D, 9.0pm

The supplier A closer ook on
reported the Pentane — athick film
purity as column revealed

99% using . that it was not.
. 40°C isothermal
this column.

. 1uL direct injection
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Film Thickness & Temperature Program -
When Changing Both, Reconfirm Peak |dentity

1-pentanol &
3-0octanone

45°C (hold 8 min.)
to 250°C @
6°C/min.

3-octanol

nonanal

~
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3-0octanone

1-pentanoal

40°C to 225°C
@ 6°C/min.

3-octanol

/

nonanal




Inside Diameter (I1D)

o Effect on Resolution
o Effect on Analysis Time
o Effect on Capacity
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Effect of ID on Resolution and
Analysis Time

 Smaller IDs
— More resolution of early-eluting compounds
— Longer analysis times
— Limited dynamic range
e Larger IDs
— Lessresolution for early eluting compounds
— Shorter analysis times
— Greater dynamic range
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Effect of ID on Resolution and
Analysis Time

Given thesame d;, alarger 1D acts like athinner film
(except that it will have more capacity than the smaller ID)

EPA 604
Phenols

L |

min. 4 8 12 16 20 24 min. 4 8 12 16 20

(= 29
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Combining Film Thickness & 1D Effects
Distribution Coefficient (Kp)

wt. inliquid phase  volume of liquid phase
wt. in gas phase A volume of gas -

[ts - ty] time in stationary phase
t,, timein carrier gas

Kk (capacity factor) =

B (phase ratio) = racius : it N
2d, 2 x film thickness (cm)
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Combining Film Thickness & 1D Effects
CAVET(CS

Film (um)
025 0.50
180 90
250 125
320 160
530 265

B = phaseratio =
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Combining Film Thickness & 1D Effects
Similar [3 Values = Similar

Chromatography
Barbiturates

3 = 250

B = 265

1.0uL split;
190°C (hold
5min.) to 280°C
@ 5°C/min.
(hold 15min.)
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Column Length

e Effects on resolution
o Effects on Analysis Time

R = resolution
L = length
h=HETP
a = selectivity
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Doubling co

Doubling co
41% (Quadrup

L ength Effects
| sothermal Conditions

umn lengt

umn lengt
Ing L = doub

Retention Is dependent on length

N doubles analysis times
N INcreases resolution by

Ing R)

Is doubling the column length worth the extra
analysis time?
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L ength Effects
|sothermal Analysis 30m vs. 60m

©60m, 0.25mm 1D, 0.25um
DIIP

I T T

12 16

30m, 0.25mm 1D, 0.25um DIIP | ASTM
D-3626

Ll ] -

— i - - - 35
?mn( 8 12 16




L ength Effects
Temperature Programmed Conditions

* Retention more dependent upon temperature

 Doubling the length marginally increases analysis
times

 Run conditions should be optimized
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L ength Effects
Temperature Programmed Analysis

Rtx-1, 30m x 0.25mm X 1um Rtx-1, 60m x 0.25mm X 1um

Sample: 500upg/mL Aviation Gas Standard in methanol
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Capacity Issues

* Problems with Overload
o Effect of ID, Film Thickness, k’, & Solubilty
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Column Capacity Effects
Overloading

Problems with:

Resolution

Hydrocarbons Integration
Retention Times

Linearity

%0 minutes
e




Column Selection

Typical Column Capacity vs. Efficiency

A
1000 ng - 0.53mm ID
0.32mm ID
oo

0.1mm ID_

O >5mm 1D
’ 18mm ID

| I
s 5 1500 2500 3500 4500 5598)

IcoLE Efficiency (effective plates/ meter)




Effect of ID on Capacity

Rtx-1: 15m,0.25mm IDQ 0.25um  15m, 0.53mm ID, 0.25um

o
c:8

70°C isothermal C7 53°C isothermal*
C8

Co

2 4 6

=i miia * run at different temperatures to keep k values ssimilar
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Effect of Film Thickness on Capacity

Rtx-1:30m, 0.25mm ID, 0.25um 30m, 0.25mm ID1.0um

Cs 55°C isothermal C 90°C isothermal
8
C, C,

2 46 8101214 2 4 6 8 10 12 14

-i: - 42
RES  + run at different temperatures to keep k values similar




Effect of k on Capacity

Rix-1 15m, 0.25mm ID, 0.25um

C7 .
70°C isothermal

Ce

1000ng/component
6 minutes
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Effect of Solubility on Capacity

Rix®-1 Stabilwax-DA

methyl methyl
dodecanoate dodecanoate

2-ethyl
hexanoic
acid

30m, 0.53mm ID, 0.5um

2-ethyl
hexanoic
acic

o I
~8 10 12 1416 18 20 8 10 12 1416 18 20
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Factors Affecting Separation
Temperature

Strongly affects amount of time analytes spend in stationary phase

k = time spent in stationary phase
time spent in the carrier gas

 The more time analytes spend in the stationary phase, the
retention differences are expressed

e Inversely,

higher temperature = |less time in the phase
= |less selectivity expression

R = Tb( k+1)

R:i /L ¥ -~ % a-1
q_:“_ 4 h a 45
EJLE




Factors Affecting Separation
Carrier Gas Type & Speed

1.0
van Deemter Equation

h=8+c u- h o
I J 0.2

h = height equivalent theoretica plate (HETP )

B = Band broadening

C, = Resistence to mass transfer in the carrier gas

Fl = average linear velocity
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Column Selection Summary

How selectivity affects resolution (R) and analysis
time (T)

ow film thickness affects R & T
ow column ID affects R & T

ow column length affects R & T
Column capacity
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