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Introduction
Volatile Amines are the characteristic compounds that exhibit a 
fishy odor. In pharmaceutical ingredient manufacturing, it is com-
mon to use some of these amines as reagents for synthesis . Once 
the finished product active pharmaceutical ingredient is ready, it 
is tested for residual amounts of amines and has to  be less than 
the permitted daily exposure, considering risk based assessments. 
While triethylamine is listed in Q3C(R6) of the ICH guideline, under 
class 3 solvent, there are a few amines that don't have established 
classification. 

Chromatographically, the biggest challenge with amines are the 
active functional group that makes them adsorb to any secondary 
polar interaction in a GC column. Since these amines are lighter, it 
is easy to introduce them into a GC inlet via neat solvent injection 
or by headspace for quantitation. However, because of active  sites 
in traditional GC phases, they tend to tail. Especially, for residual 
solvent analysis, a G43 type phase provides the right balance of 
retention and selectivity for low and high boiling as well as polar 
and nonpolar solvents. Having the volatile amine analysis on a G43 
selectivity without analyte peak adsorption onto the column is a 
challenge. In this study, we have employed a Zebron ZB-624PLUS 
GC column for volatile amine analysis.  This study demonstrates 
that superior deactivation of Zebron ZB-624PLUS provides symmet-
ric peak shape for volatile amines.
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Figure 1. 
Volatile Amines on Zebron ZB-624PLUS by GC-FID

Figure 2. 
Zebron ZB-624PLUS advantages

GC-FID Conditions
Column: Zebron ZB-624plus

Dimensions: 30 meter x 0.32 mm x 1.80 µm
Part No.: 7HM-G040-31

Injection: Split 20:1 @ 200 °C, 1 µL
Recommended Liner: Zebron PLUS Straight Z-Liner™

Liner Part No.: AG2-0A03-05 (for Agilent® and Thermo Scientific® systems)
Carrier Gas: Helium @ 1.8 mL/min (constant flow)

Oven Program: 50 °C for 1 min, to 200 °C @ 20 °C /min for 5 min
Detector: FID @ 250 °C
Sample: 1. Isopropylamine 

2. Diethylamine 
3. Triethylamine
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Highly Selective Stationary Phase
Provides excellent separation of polar, 
nonpolar, low and high boiling solvents, 
while Engineered Self Cross-linkage  
(ESC™) results in high-thermal stability  
and low bleed

Polyimide Coating
Flexibility and temperature resistance 
(300/320°C)

Superior Deactivated Fused Silica
Dramatically reduces analyte adsorption, 
maximizing your peak symmetry

Ramkumar Dhandapani, Ph.D.
Product Manager - Gas Chromatography 

He has a PhD in Analytical Chemistry and 
a total of 14 years experience in chromato-
graphic method development and trouble-
shooting. Ramkumar loves to write poems, 
read Shakespeare, and attend Shakespeare 
plays.
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GC-FID Conditions
Conditions for all separations:

Column: Zebron ZB-624plus 
Restek Rxi-624Sil MS 
Agilent DB-624UI Ultra Inert

Dimensions: 30 meter x 0.32 mm x 1.80 µm
Injection: Split 20:1 @ 200 °C, 1 µL

Recommended Liner: Zebron PLUS Straight Z-Liner™

Liner Part No.: AG2-0A03-05 (for Agilent® and Thermo 
Scientific® system)

Carrier Gas: Helium @ 1.8 mL/min (constant flow)
Oven Program: 50 °C for 1 min, to 200 °C @ 20 °C /min for 5 min

Detection: FID @ 250 °C
Sample: 1. Isopropylamine 

2. Diethylamine 
3. Triethylamine

Figure 3. 
Comparison of Volatile Amines on various 624 columns

Volatile Amines on a Zebron™ ZB-624plus™ - 500 ppm
Volatile Amines on a Restek® Rxi®-624Sil MS - 500 ppm
Volatile Amines on a Agilent® DB®-624UI Ultra Inert - 500 ppm
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Table 2.  
Peak symmetry comparison for Volatile Amines on various 624 phases 

Peak  
No.

Analyte  
(500 ppm)

Peak Skew

ZB-624PLUS Rxi-624SilMS DB-624UI

1 Isopropylamine 1.3 1.6 4.1

2 Diethylamine 1.2 1.3 7.9

3 Triethylamine 1.0 1.0 5.1

Table 1.  
 Peak symmetry values for Volatile Amines on Zebron ZB-624PLUS

Peak No. Analyte Peak Skew

1 Isopropylamine 1.3

2 Diethylamine 1.2

3 Triethylamine 1.0

Comparative separations may not be representative of all applications. 
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Presented in Figure 4 is the comparison of volatile amines at  50 
and 100 ppm concentration. In general, amine peaks tail at lower 
concentration, however  ZB-624PLUS undergoes a superior deac-
tivation that provides excellent peak shape for active compounds 
even at lower concentration. After the deactivation process is com-
plete, ZB-624PLUS columns are QC tested with acid and base ana-
lytes, so that every column you get is ready to provide symmetric 
peak shape for active analytes  in your lab. 

Conclusion
Zebron ZB-624PLUS not only provides symmetric peaks for volatile 
amine analysis but also exhibits higher sensitivity for volatile amine 
analysis. These columns undergo superior deactivation and are 
quality tested with active amines. The innovative deactivation from 
the Zebron R&D team and stringent quality measure in production, 
ensures that every individual ZB-624PLUS column you receive is 
ready to provide symmetric peak for active volatile amines.

Results and Discussion
Presented in Figure 1 is the analysis of isopropylamine, diethyl-
amine, and triethylamine, on a Zebron™ ZB-624PLUS at 500 ppm ana-
lyte concentration. Due to the superior deactivation (Figure 2) of ZB-
624PLUS, symmetric peak shapes are produced for volatile amines. 
While acceptable peak skew is between 0.8 to 1.5 for consistent 
quantitation, ZB-624PLUS provides excellent peak symmetry for ac-
tive analytes as shown in Table 1.

Presented in Figure 3 is a comparison of volatile amines on Ze-
bron ZB-624PLUS, Restek® Rxi®-624Sil MS and Agilent® DB®-624UI 
and peak skew  values are presented in Table 2. Based on the 
chromatogram, ZB-624PLUS not only provides symmetric peak 
shape but also exhibits higher sensitivity. This is possible because 
of the superior deactivation and higher efficiency specifications of 
ZB-624PLUS. While ZB-624PLUS gives the most sensitivity and sym-
metric peak, Agilent DB-624 UI provides extreme peak tailing for 
volatile amines.

Figure 4.
Volatile Amines on a ZB-624plus™ - @ 100 ppm (App ID 24787)

Volatile Amines on a ZB-624plus - @ 50 ppm (App ID 24786)

Excellent peak shape 
at low concentrations
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Same method parameters as in Figure 1
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ID(mm) df(µm) Temp. Limits °C Part No.
20-Meter
0.18 1.00 -20 to 300/320 7FD-G040-22    
30-Meter
0.25 1.40 -20 to 300/320 7HG-G040-27  
0.32 1.80 -20 to 300/320 7HM-G040-31  
0.53 3.00 -20 to 300/320 7HK-G040-36  
60-Meter
0.25 1.40 -20 to 300/320 7KG-G040-27  
0.32 1.80 -20 to 300/320 7KM-G040-31  
0.53 3.00 -20 to 300/320 7KK-G040-36  

Note: If you need a 5 in. cage, simply add a (-B) after the part number, e.g., 7HG-G040-27-B. Some 
exceptions may apply. Agilent 6850 and some SRI and process GC systems use only 5 in. cages.

Ordering Information
Zebron™ ZB-624PLUS™ GC Columns
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www.phenomenex.com
Phenomenex products are available worldwide.  For the distributor in your country,  
contact Phenomenex  USA, International Department at international@phenomenex.com

Terms and Conditions 
Subject to Phenomenex Standard Terms and Conditions, which may be viewed at  
http://www.phenomenex.com/TermsAndConditions.

Trademarks 
Zebron, Z-Liner, ESC, and 624PLUS are trademarks of Phenomenex. 
Agilent and DB are registered trademarks of Agilent Technologies, Inc. 
Restek and Rxi are registered trademarks of Restek Corp. 
Thermo Scientific is a registered trademark of Thermo Fisher Scientific Inc.

Disclaimer 
Comparative separations may not be representative of all applications. 
Phenomenex is not affiliated with Agilent, Restek, or Thermo. 

FOR RESEARCH USE ONLY. Not for use in clinical diagnostic procedures. 

© 2018 Phenomenex, Inc. All rights reserved.

If Phenomenex products in this technical note do not provide at least 
an equivalent separation as compared to other products of the same 
phase and dimensions, return the product with comparative data 
within 45 days for a FULL REFUND.

Ordering Information
Zebron™ PLUS GC Inlet Liners

Description Application Inlet Style
Dimensions
ID x L (mm)

 
Deactivation

 
Part No.

 
Unit

For 5890, 6890 and 7890 Models
Straight  Z-Liner™ Dirty samples, Volatiles,  

High initial oven temperatures S/SL 4 x 78.5 PLUS Inert
AG2-0A03-01 
AG2-0A03-05 
AG2-0A03-25

ea 
5/pk 
25/pk
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