
 
 
The popularity of diet soft drinks containing aspartame 
requires the analysis of thousands of samples for quality 
control purposes each year.  These analyses are typically 
carried out with some fraction of organic modifier in the 
eluent, leading to the generation of thousands of gallons 
of hazardous organic waste.  This note shows the “green” 
analysis of several commercial diet soft drinks in 
combination with a 100% water mobile phase. 

 

Introduction 

The analysis of caffeine, aspartame, and benzoate from diet 
soft drinks is not especially challenging, as one can find this 
type of application in nearly every column manufacturers 
catalog.  However, the typical conditions employed for 
reversed-phase separations of these compounds involves 
anywhere from 5-25% organic modifier.  Whether this 
organic component of the eluent is methanol or acetonitrile, 
the added handling costs associated with either recycling or 
disposing of the used eluent can often be a major portion of 
the total analysis cost. 

The extraordinary chemical and thermal stability of zirconia-
based stationary phases allow the chromatographer to use a 
wide range of mobile phases and column temperatures to 
develop rapid separation methods while retaining method 
robustness.  ZirChrom -SAX is an anion-exchange material 
that is built on microporous zirconia and contains a 
substantial amount of hydrophobic cross-linker that imparts 
mixed-mode ion-exchange/reversed-phase characteristics.  
The separation of caffeine, aspartame, and benzoate shown 
here in a 100% aqueous mobile phase demonstrates the 
capability of the mixed-mode column to separate these 
compounds of wide-ranging chemical properties.  The 100% 
aqueous mobile phase containing dilute amounts of 
phosphate and carbonate is completely environmentally 
friendly, eliminating the need for costly handling and 
disposal of the eluent.  Finally, the thermal stability of the 
ZirChrom -SAX material allows the separation to be carried 
out at 50 oC to decrease overall analysis time. 

 

 

Visit www.zirchrom.com for more application notes using ultra-
stable, high efficiency ZirChrom columns. 

 

 

 

 

 

 
 

 

 

 

Experimental 

Samples of several commercial soft drinks were filtered with 
0.45 µm filters and injected neat on a ZirChrom -SAX 
column using the following conditions. 

    Column: 3.0 mm x 100 mm ZirChrom -SAX 
    Mobile Phase: 10mM Ammonium phosphate,  

5mM Ammonium carbonate, pH 6.6 
    Flow rate: 1.0 ml/min. 
    Temperature:  50 oC 
    Injection Vol.: 5.0  µl 
    Pressure Drop: 205 bar 
    Detection: UV at 210 nm 
 
The separation is shown in Figure 1.  Under these conditions, 
the separation of caffeine, aspartame, and benzoate is 
achieved with good peak shape and baseline resolution, in 
under 4 minutes.  Similar separations are obtained for 
samples of 5 different diet soft drinks indicating that this is a 
widely applicable method for diet soft drink analyses. 

 

 

 

 

 

 

 

 

 

 

 

 

ZirChrom columns combine the high efficiency usually 
associated with silica columns with complete chemical and 
thermal stability. 
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Figure 1.  Analysis of several diet soft drinks.  
1=Caffeine, 2=Aspartame, 3=Benzoate 
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Interest  in the analysis of nitrosamine compounds is increasing 
as researchers become more aware of their toxicity and 
presence in the environment, foods, and pharmaceuticals.  The 
extraordinary chemical and thermal stability of zirconia-based 
stationary phases allows for the rapid separation of these polar, 
basic compounds with good peak shape and efficiency.  This 
note shows the separation of nine low molecular weight 
nitrosamines using a DiamondBond -C18 column. 

 

Introduction 
N-nitrosamines are present in both food and the environment, 
and have been shown to be highly carcinogenic, with toxic 
levels as low as micrograms per kilogram.  The nitrites and 
nitrates commonly used as preservatives in food can cause 
the reaction of secondary amines to form N-nitrosamines (1).  
Detection of these N-nitrosamines has been demonstrated 
using both UV detection at 230 nm (2) and mass 
spectrometry (3) coupled to liquid chromatography, however 
these separations are typically quite lengthy, ranging from 
15-35 minutes.   
 
The excellent chromatographic selectivity and thermal 
stability of zirconia-based phases allows much faster 
separation of these compounds at either high or low pH, 
where the electrospray ionization of the positively charged 
amines for detection by mass spectrometry is facilitated. 

 

Experimental 

A standard mixture of N-nitrosamines obtained from Supelco 
contained the following nine compounds: 
dimethylnitrosamine, ethylmethylnitrosamine, 
diethylnitrosamine, dipropylnitrosamine, dibutylnitrosamine, 
diphenylnitrosamine, nitrosomorpholine, nitrosopiperidine, 
nitrosopyrrolidine.  The mixture was separated at 75 oC using 
a DiamondBond-C18 column using the following 
chromatographic conditions: 

    Column: 4.6 mm x 100 mm DiamondBond -C18 
    Mobile Phase: 2.5-90% B from 1-3 minutes 
 A = 10mM Ammonium hydroxide, pH 9.5 
 B = ACN 
    Flow rate: 4.0 ml/min. 
    Injection Vol.: 1.0 µl     
    Detection: UV at 230 nm 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Even at a modest temperature of 75 oC the separation is 
rather fast, with full resolution of all nine compounds in just 
over 3 minutes. 

Figure 1: Separation of nitrosamines at 75 oC.  

We note that our analysis shows ten peaks for the nine 
compound mixture.  We believe peak number four in this 
separation may be an impurity in the mixture. 

Note that even temperature-sensitive compounds can benefit 
from modest increases in temperature, making faster analysis 
possible.  ZirChrom’s technical support group has extensive 
experience in this area, and would be happy to help you with 
your particular application. 

ZirChrom columns combine high efficiency with improved 
stability for extraordinary separations. 

 

The authors thank Dr. Mourad Rahi of Pace Analytical for the 
Nitrosamine sample and helpful discussion. 
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This application note shows the separation of nine 
pharmaceutical packaging related N-nitrosamines using a 
DiamondBond®-C18 column.  Detection is by a mass 
spectrometer using Multiple Reaction Monitoring (MRM) mode 
of the characteristic MRM transition of each individual 
compound. The nine N-nitrosamines are quantitated by 
comparison to a standard curve. The method is suitable for the 
analysis of N-nitrosamine extractable/leachable at sub-ppb level 
for pharmaceutical containers. 
 
Introduction 
PPD Development, Inc. (http://www.ppdi.com) provides complete 
bioanalytical and GMP services for drug development.  
Bioanalytical laboratories are located in Madison, WI and 
Richmond, VA. A GMP laboratory is located in Madison, WI.  PPD 
method development experts came to ZirChrom looking for 
assistance in developing an approach to quantify nine structurally 
similar N-nitrosamines in pharmaceutical packaging.  Collaborative 
efforts led to the development and validation of the following 
LC/MS/MS method. 
 
Table 1: Method Detection/Quantification Limits. 
ng/mL (ppb) in water 
 

Compound LOD LOQ 
N-Nitrosodimethylamine (NDMA) 0.3 1.0 

N-Nitrosodiethylamine (NDEA) 0.2 0.6 
N-Nitrosomethylethylamine (NMEA) 0.04 0.12 
N-Nitrosodi-n-propylamine (NDPA) 0.1 0.3 
N-Nitrosodi-n-butylamine (NDBA) 0.04 0.12 
N-Nitrosodiphenylamine (NDFA) 0.3 1.0 

N-Nitrosomorpholine (NMOR) 0.2 0.6 
N-Nitrosopiperidine (NPIP) 0.2 0.6 

N-Nitrosopyrrolidine (NPYR) 0.2 0.6 
 

Experimental 

A mixture of N-nitrosamines (see Table 1) was separated at 50 ºC 
using a DiamondBond®-C18 column and a Metalox™ 200-C 
column heater.  The separation conditions were as follows: 

Column: DiamondBond®-C18, 100 mm x 4.6 mm i.d.,     
5 micron (Part Number: DB01-1046-5) 

Mobile Phase: Gradient elution 
  
 
 
 

 
 

 

A: 0.1% (v/v) formic acid 
 B: acetonitrile 
 

 
 
 
 
 
 
 
 
 
 
Temperature: 50 ºC with Metalox™ 200-C column heater 
Flow Rate: 0.5 ml/min. 
Injection: 0.1 ng 
Detection: LC/MS/MS 
 
These chromatographic conditions capitalize on the unique 
temperature stability and surface chemistry of zirconia-based 
stationary phases to achieve baseline resolution of these compounds 
in less than 13 minutes. 
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Figure 1: MRM chromatograms of nine N-nitrosamines at 0.1 ng 
injection. 

This method can be tailored to your specific application needs.  
ZirChrom method developers can help to optimize and transfer this 
method to your site.  Please contact ZirChrom technical support at 
1-866-STABLE-1 or support@zirchrom.com for details. 

ZirChrom phases offer unique selectivity, high efficiency, and 
excellent chemical and thermal stability. 
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Time % A % B 
0 97.5 2.5 
10 10 90 
15 10 90 

15.1 97.5 2.5 
25 97.5 2.5 



 
 
In this application we examine the superior selectivity of the 
ZirChrom®-SAX phase for caffeine, benzoate and sorbate in 
energy drinks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Structures of caffiene, sorbate and benzoate. 

Introduction 
Benzoate and sorbate are used as preservatives in many foods, 
including energy drinks.  Traditionally the analysis of these 
compounds using silica C18 phases is hindered by low retention and 
poor selectivity.   
 
The unique multimodal selectivity of Zirchrom®-SAX can take 
advantage of differences between the ionized forms, allowing for 
both ion exchange and reversed phase modes of separation. 
 
Here we present an isocratic method that provides excellent 
selectivity and retention, resulting in 6 minute baseline resolution of 
caffeine, sorbate, and benzoate using UV detection at 230 nm.  For 
comparison, we present the analysis of the  same compounds using 
both neutral and acidic conditions on a leading silica C18 column. 

Experimental 

Three compounds in a common energy drink caffeine, sorbate and 
benzoate, were separated in 6 minutes using a ZirChrom®-SAX 
column.  The separation conditions were as follows and as noted in 
Figure 2: 

Column: ZirChrom®-SAX, 100 mm x 4.6 mm i.d.           
(Part Number: ZR06-1046) 

    Mobile Phase: 10mM  NH4H2PO4 + 5 mM NH4CO3     
    Temperature: 50 ºC 
    Flow Rate:  1.5 ml/min. 
    Injection Vol.: 5 µl 
        Detection: UV at 230 nm 

 
 
 
 
 
 
 
 
 

 

Figure 2 clearly demonstrates that the neutral condition on a silica 
C18 column has too little retention of these compounds and that the 
acidic condition does not separate sorbate and benzoate. In 
comparison, the ZirChrom®-SAX column separates all three of the 
compounds in siz minutes using isocratic conditions and UV 
detection. 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 2: 1 =Caffeine, 2 = Sorbate, 3=Benzoate 

This method can be tailored to your specific application needs.  
ZirChrom technical support can help to optimize and transfer this 
method to your site.  Please contact ZirChrom technical support at 
1-866-STABLE-1 or support@zirchrom.com for details. 

ZirChrom phases offer unique selectivity, high efficiency, and 
excellent chemical and thermal stability. 
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Caffeine 

Sorbate 

Benzoate 

C18: pH 6, 5% Acetonitrile  
 

C18: pH 2, 5% Acetonitrile  
 

ZirChrom “Green” Mobile Phase  
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Column:  ZirChrom®-PBD, 150 mm x 4.6 mm i.d.
Mobile Phase:  100% water
Pressure Drop: 102 bar

Technical
Bulletin #216

Caffeine in Soda Analysis on ZirChrom®-PBD

 1  - Caffeine

Analytes

LC Conditions

Flow rate:        1.0 mL/min.
Temperature:   50°C
Detection:        254 nm

1



Column:  ZirChrom®-CARB, 100 × 4.6 mm 
Mobile Phase:  20/80 A/B
A:  Acetonitrile
B:  Water 

Technical
Bulletin #203

Cosmetics on ZirChrom®-CARB 

 1  - Allantoin
 2  - Bronopol

Analytes

LC Conditions

Flow rate:             1.0 mL/min.
Temperature:        25 ºC
Detection:            200 nm
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