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Sorbitol - by ion-exchange chromatography
Sorbitol, also known as glucitol, is a sugar alcohol that 
the body metabolizes slowly. It is obtained by reduction of 
glucose, during which the aldehyde group is changed to an 
additional hydroxyl group. As an excipient, sorbitol acts as 
humectant and plasticizer in the shell of capsules, to keep the 
shell pliable so that it is easy to manipulate and does not dry 
out.

According to the USP method, sorbitol is analyzed using 
a liquid chromatograph equipped with a refractive index 
detector maintained at about 50 °C and a 7.7 mm x 10 
cm column that contains packing L34 (a strong cation-
exchange resin consisting of sulfonated cross-linked 
styrene/divinylbenzene copolymer in the lead form). Column 
temperature should be maintained at 50 °C with a flow rate of 
0.7 mL/min. A solution of sorbitol and mannitol, used as an 
internal standard, was made up to contain 4.8 mg/mL of each 
compound. The requirement for this assay is that the relative 
retention times are about 0.6 for mannitol and 1.0 for sorbitol, 
with a resolution of not less than 2.0 between them. The 
analysis was accomplished using an Agilent Hi-Plex Pb USP 
L34 column designed for this application (Figure 22).

Column: 		  Hi-Plex Pb USP L34 8 μm, 100 x 7.7 mm 
		  (Part No. PL1170-2820)
Mobile Phase:	 Water
Flow Rate: 		 0.7 mL/min
Temp:		  50 °C
Detection:		  356-LC Refractive Index Detector
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Peak identification
1. Mannitol
2. Sorbitol

Figure 22. Raw-data chromatogram of sorbitol and mannitol on an Agilent 
Hi-Plex Pb USP L34 column

Mannitol - by ion-exchange chromatography
Mannitol is a polyol sugar alcohol that is used as an osmotic 
diuretic agent and a weak renal vasodilator. It is a sorbitol 
stereoisomer. Chemically, mannitol is a sugar alcohol, or a 
polyol, which is similar to xylitol and sorbitol. 

According to the USP method, mannitol is analyzed using 
a liquid chromatograph equipped with a refractive index 
detector maintained at a constant temperature and a 4 mm 
x 25 cm column that contains packing L19 (a strong cation-
exchange resin consisting of sulfonated cross-linked styrene/
divinylbenzene copolymer in the calcium form). Column 
temperature should be maintained between 30 °C and 85 
°C with a flow rate of 0.5 mL/min. A solution of mannitol 
and sorbitol, used as an internal standard, was made up to 
contain 4.8 mg/mL of each compound. The only requirement 
for this assay is that the resolution between mannitol and 
sorbitol is not less than 2.0. An Agilent Hi-Plex Ca USP 
column was used for the analysis (Figure 23).

Column:		  Hi-Plex Ca USP L19 8 μm, 250 x 4.0 mm 
		  (Part No. PL1570-5810)
Mobile Phase:	 Water
Flow Rate: 		 0.5 mL/min
Temperature: 	 70 °C
Detection: 		 356-LC Refractive Index Detector

Peak identification
1. Mannitol
2. Sorbitol
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Figure 23. Raw data chromatogram of mannitol and sorbitol on an Agilent 
Hi-Plex Ca USP L19 column
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Hydroxyethyl cellulose in organic eluent 
Hydroxyethyl cellulose (HEC) is widely used by the cosmetic 
and pharmaceutical industries, for example, as a carrier gel 
for microbiocides. It is a nonionic polymer with many useful 
properties as a thickening agent, stabilizer, emulsifier or 
dipersant, and it easily dissolves in hot and cold water.

HECs can be analyzed by aqueous GPC but very often they are 
soluble in polar organic solvents, such as dimethyl formamide 
(DMF). PLgel 5 µm MIXED-C columns are well suited to 
the analysis of these celluloses. LiBr modifier is added to 
minimize sample aggregation as some of these materials are 
ionic (Figure 24). PEO/PEG standards are used as calibrants; 
polystyrene is soluble in DMF, but some adsorption is 
apparent. Table 3 shows the dispersity and molecular weight 
averages of three samples of hydroxyethyl cellulose.

Suspending and/or viscosity increasing agents
Suspension and viscosity-increasing excipients such as hydroxyethyl cellulose are used to uniformly disperse other ingredients 
throughout a formulation, and maintain their suspension so that actives do not precipitate or settle under gravity. This is 
particularly valuable for liquid formulations, during and after manufacture.

Sample Molecular weight average Polydispersity
(Mw/Mn)Mn Mw Mp

A 27,000 140,000 80,000 5.2
B 30,000 159,000 102,000 5.2
C 39,000 345,000 190,000 8.9

Table 3. Molecular weight averages and dispersity of three hydroxyethyl 
celluloses

Columns:	 PLgel 5 µm MIXED-C, 300 x 7.5 mm 
	 (Part No. PL1110-6500)
Eluent: 	 DMF + 0.1% LiBr
Flow Rate: 	1.0 mL/min
Temp:	 50 °C
System: 	 PL-GPC 50 Integrated GPC/SEC System
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Figure 24. Analysis of three samples of hydroxyethyl cellulose using Agilent 
PLgel 5 µm MIXED-C columns

These three materials were quite different in molecular 
weight, indicating potential performance differences in end-
use.
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Hydroxyethyl cellulose in aqueous eluent
Three samples of hydroxyethyl cellulose were analyzed by size 
exclusion chromatography using PL aquagel-OH columns. The 
calculated molecular weight averages were compared with 
manufacturers’ quoted viscosity values. Calibration was done 
using pullulan polysaccharide standards, also from Agilent. 
Figure 25 shows the raw-data chromatograms for a mixture of 
hydroxyethyl celluloses. A good correlation between viscosity 
and molecular weight averages was obtained, as can be seen 
in Table 4. 

Sample Molecular weight average Viscosity range
(cps)Mn Mw Mz

A 60,300 179,000 139,000 75 to 112
B 413,000 849,000 1,552,000 250 to 324
C 914,000 2,016,000 3,422,000 1,500 to 2,500

Table 4. Molecular weight averages and viscosity ranges of three 
hydroxyethyl celloloses

Columns:	 PL aquagel-OH 60 8 µm, 300 x 7.5 mm 
	 (Part No. PL1149-6860) 
	 PL aquagel-OH 40 8 µm, 300 x 7.5 mm 
	 (Part No. PL1149-6840) 
Eluent:	 0.05 M NaH2PO4 + 0.25 M NaCl at pH 7
Flow Rate:	 1.0 mL/min
Temp:	 50 °C
System:	 PL-GPC 50 Integrated GPC/SEC System (RI)
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Figure 25. Raw-data chromatograms for a mixture of hydroxyethyl celluloses 
on Agilent PL aquagel-OH columns

Modified hydroxyethyl cellulose
Modifying the hydrophobicity of HEC alters the molecular 
weight, and such changes can be assessed by size exclusion 
chromatography with PL aquagel-OH 40 and PL aquagel-OH 
60 8 µm columns from Agilent. 

In this case, two different PL aquagel-OH columns were 
connected in series to cover a molecular weight range from 
104 to 107. Column calibration was achieved using Agilent 
pullulan standards.

Figure 26 shows overlaid molecular weight distributions 
of a sample of HEC before and after modification to its 
hydrophobicity. Sample A is HEC. Sample B is Sample A after 
hydrophobic modification.

Samples:	 Hydroxyethyl cellulose before and after modification
Columns: 	 PL aquagel-OH 60 8 µm, 300 x 7.5 mm 
	 (Part No. PL1149-6860) 
	 PL aquagel-OH 40 8 µm, 300 x 7.5 mm 
	 (Part No. PL1149-6840)
Eluent: 	 0.05 M NaH2PO4 + 0.25 M NaCl at pH 7
Flow Rate: 	1.0 mL/min
Temp:	 50 °C
System:	 PL-GPC 50 Integrated GPC/SEC System (RI)
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Figure 26. Overlaid molecular weight distributions of a sample of hydroxyethyl 
cellulose before and after modification
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GPC-FTIR
Interfacing chromatographic methods with other analytical 
techniques can significantly increase the amount of 
information available for excipient characterization. Agilent 
offers two innovative interfaces to couple gel permeation 
chromatography (GPC) with Fourier transform infrared 
spectroscopy (FTIR), enabling rapid determination of 
compositional heterogeneity and its relationship to molecular 
weight from a single measurement.

GC/MS
For volatile impurities and residual impurities, Agilent 
provides the broadest selection of gas chromatography 
(GC) and gas chromatography/mass spectrometry (GC/
MS) systems, support, and supplies in the industry. So 
whether you need flexible, reliable hardware and software 
for complex research; simple, robust systems for routine 
production environments; or fast, rugged portable solutions 
for real-time measurements in the plant or in the field, we 
have a GC or GC/MS to meet your analytical and business 
challenges.	  

LC and LC/MS
These are ideal techniques for assessing semi-volatile 
impurities in excipients. For basic analysis or confirmation 
(confirm by known molecular weights) use the Agilent 6100B 
Series Single Quadrupole, or Agilent 6200 Accurate-Mass 
TOF LC/MS systems with Easy Access software. For more 
complex structural analysis of unknown excipients the 
Agilent 6500 Accurate-Mass Q-TOF LC/MS systems provide 
superior data quality and advanced analytical capabilities to 
profile, identify, characterize, and quantify excipients. Couple 
with MassHunter software tools for complete confidence.

Agilent Poroshell 120 columns provide rugged, high resolution 
separations within the pressure range of any mainstream LC, 
making the benefits of sub-two-micron performance available 
with existing LCs. Poroshell columns can achieve high 
resolution and high speed separation on current instruments, 
and higher resolution and speed on new high-pressure LC and 
LC/MS systems. 

More Agilent solutions for excipients
Agilent offers an extensive toolkit for all aspects of excipient analysis. For physicochemical characterization, look to 
spectroscopic techniques such as NMR, FTIR, and mass spec. For chromatographic characterization we recommend HPLC, 
GC/MS and SEC. If you want to assess impurities then AAS, GC/MS and UV-Vis methods are appropriate. To measure 
physicochemical properties use dissolution testing and refractive index detection.

Agilent Poroshell 120 columns
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ICP-MS
For heavy metals impurities, the Agilent 7700x ICP-MS is 
confi gured for routine analysis of high-matrix samples, and 
features Agilent’s unique high-matrix interface (HMI), and 
ORS3 cell. With its high-temperature plasma (resulting in low 
oxide interferences), matrix tolerant interface and 9 orders 
dynamic range, the 7700x provides the ideal combination of 
robustness, sensitivity and analytical range required from a 
workhorse instrument while retaining the fl exibility to handle 
more advanced research applications. 

Dissolution testing
For Apparatus 1, 2, 5 and 6 requirements use the Agilent 
708-DS Dissolution Apparatus and for Apparatus 3 the Agilent 
BIO-DIS Reciprocating Cylinder Apparatus. We recommend 
the Agilent Reciprocating Holder Apparatus 7 for Apparatus 
7 use, with the Agilent 400-DS Apparatus 7 for small volume 
formulations.  

Flash for drug discovery
The Agilent 971-FP Flash Purifi cation System is a completely 
dedicated, high throughput and high recovery system for 
sample purifi cation at the drug discovery phase of the 
value chain. Designed with chemists in mind, the system 
achieves maximum recovery and the highest purity in the 
shortest possible time. For chemists performing intermediate 
compound purifi cation, the easy-to-use and ‘open access’ 
971-FP enables a large team to work independently, 
improving productivity in the purifi cation and recovery of drug 
candidate compounds.

Using the robust 971-FP instrument with IntelliFlash 
software, DASi (Dissolve, Absorb, Sample injection) module, 
and SuperFlash purifi cation columns, equips you with an 
advanced set of method development tools designed to 
reduce system set-up time and quickly identify the optimum 
purifi cation method. For development scale purifi cations, 
Agilent has the range of larger Flash F75/F150 cartridges.

 

The Agilent 971-FP Flash Purification SystemAgilent SuperFlash columns
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Suggestions for further reading
Agilent has published application compendia on 
biodegradable polymers, engineering polymers, polyolefin 
analysis, and low molecular weight resins. In addition, we 
also offer a comprehensive and informative range of literature 
for all aspects of GPC/SEC, including application notes, 
datasheets and technical overviews.

Publication Publication 
number

Introduction to GPC/SEC 5990-6969EN
GPC/SEC column selection guide 5990-6868EN
Biodegradable polymers 5990-6920EN
Engineering polymers 5990-6970EN
Elastomers 5990-6866EN
Polyolefin analysis 5990-6971EN
Low molecular weight resins 5990-6845EN

Search for all our publications in the Literature Library at 
www.agilent.com/chem/library

Ordering information
The following products are featured in this application 
compendium. For a full list of GPC/SEC part numbers, visit               
www.agilent.com/chem/store

Columns
Description Part No.
Agilent PL aquagel-OH 40 8 µm, 300 x 7.5 mm PL1149-6840
Agilent PL aquagel-OH 50 8 µm, 300 x 7.5 mm PL1149-6850
Agilent PL aquagel-OH 60 8 µm, 300 x 7.5 mm PL1149-6860
Agilent PL aquagel-OH MIXED-H 8 µm, 300 x 7.5 mm PL1149-6800
Agilent PLgel 5 µm MIXED-C, 300 x 7.5 mm PL1110-6500
Agilent PLgel 10 µm MIXED-B, 300 x 7.5 mm PL1110-6100
Agilent Hi-Plex Ca USP L19 8 µm, 250 x 4.0 mm PL1570-5810

Agilent Hi-Plex Pb USP L34 8 µm, 100 x 7.7 mm PL1170-2820

Agilent PLRP-S 100Å 5 μm, 150 x 4.6 mm PL111-3500

Instruments
Description Part No.
Agilent 1260 Infinity GPC/SEC Analysis System Contact local 

sales office
Agilent PL GPC 50 Integrated GPC/SEC System PL0870-8500
Agilent 380-LC ELSD G4260A
Agilent PL-RTLS 15/90 Light Scattering Detector PL0640-1210
Agilent 356-LC Refractive Index Detector PL0880-0000
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