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Abstract 

The analytical approach used for the effective trace-level determination of monoglyme and diglyme in pharmaceuticals and biopharmaceuticals 
employs a simple sample preparation technique. This method involves headspace gas chromatograph coupled with mass spectrometer and is 
based on an oven scheduling approach which uses helium gas as the mobile phase; a complete sample analysis is conducted in less than 1h 
which does not include the injection time of standard replicates. The detection and quantitation limits of this advanced technique are 0.01 and 
0.03µg/mL for both monoglyme and diglyme, respectively. The successful separation of monoglyme and diglyme was confirmed by determining 
their corresponding specific molecular masses and its fragments. This method is precise, sensitive, accurate, linear, and robust as determined 
by method validation performed according to the International Council on Harmonization validation guidelines Q2 (R1) and United States 
Pharmacopoeia. In this study, monoglyme and diglyme were not detected in the samples of pharmaceuticals and biopharmaceuticals when 
using this technique. By headspace chromatograph coupled with mass spectrometer, monoglyme and diglyme can be easily estimated at trace 
levels during the commercial preparation of biologically and chemically active substances in both the biopharmaceutical and pharmaceutical 
industries. The main benefit of this research work is to get the GC-FID and GCMS data simultaneously to determine monoglyme and diglyme at 
micro-level in Pharmaceuticals and Biopharmaceuticals.

Keywords: GC-MS; Headspace gas chromatography; Glymes; Class-2 solvent; Biopharmaceuticals; Pharmaceuticals

Abbreviations: GC: Gas Chromatography; GC-HS: Headspace Gas Chromatography; FID: Flame Ionization Detector; ICH: International Conference 
on Harmonization, GC-HS-MS: Gas chromatograph equipped with Headspace Sampler coupled through Mass Spectrometer; SVHC: Substance of 
Very High Concern; USA: United States Pharmacopoeia

Introduction

Monoglyme is of importance in the lithium battery industry. 
It has been commercially synthesized by reacting dimethyl 
ether and ethylene oxide. Monoglyme is used as a low-viscosity 
solvent of electrolytes in lithium batteries and as a coordinating 
solvent in laboratories. It is often used as an alternative to diethyl 
ether and tetrahydrofuran owing to its relatively higher boiling 
point; it acts as a bidentate ligand for some metal cations [1-3]. 
Monoglyme (chemical name 1,2-dimethoxyethane) is listed as a 
Class 2 solvent in the International Conference on Harmonization 
(ICH) guideline on impurities: a guideline for residual solvents Q3 
(R6) and United States Pharmacopoeia (USP), with a permissible 
daily exposure of 1.0mg/day and concentration limit of 100µg/
mL in pharmaceutical products. Diglyme (chemical name bis(2-
methoxyethyl) ether) is a solvent with a high boiling point and 

 
is not listed in the ICH Q3 (R6) and USP. Diglyme is miscible with 
water and organic solvents; it smells sweet. It is used as a solvent 
in organometallic reactions such as Grignard reaction and metal 
hydride reduction, and diborane reaction for hydroboration; 
it also serves as a chelate for alkali metal cations [4,5]. The 
European Chemicals Agency lists diglyme as a substance of very-
high concern (SVHC) owing to its reproductive toxicity [6]. The 
structures of monoglyme and diglyme are presented in figure 1.

Several analytical techniques for the determination of 
monoglyme and diglyme using chromatographic techniques 
have been reported [7-10]. However, these methodologies have 
limited potential for routine use or widespread deployment. For 
instance, Cao et al. determined glymes in a fuel exhaust using 
graphitized carbon black by solvent extraction followed by gas 
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chromatography (GC) coupled with MS (GC-MS) [7]. In their study, 
seven glymes were determined with detection limits ranging from 
1.5 to 13.2µg/m3 using a large sample volume of approximately 
3.4L. Owing to the need for high sample quantity and the difficulty 
in extracting the drug substances/drug products, this method is 
not suitable for use in pharmaceutical and biopharmaceutical 

industries. Bensoam et al. evaluated monoglyme, diglyme, and 
triglyme by solid phase microextraction using gas chromatography 
with a flame ionization detector [8]. This technique is highly 
complicated for determining glymes in drug substances/drug 
products.

Figure 1: Chemical structure of monoglyme and diglyme.

Diglyme, triglyme, and tetraglyme were detected in a 
screening study of a wide range of contaminants in surface water 
employing XAD-4 (macroporous polystyrene-divinylbenzene 
copolymer) and XAD-8 (macroporous polymethylmethacrylate) 
together with detection using a gas chromatograph equipped 
with an atomic emission detector and mass spectrometer [9]. As 
solid-phase extraction was used for the analysis, samples cannot 

be analyzed without treating the specimen. Stepien and Püttmann 
validated the method for identifying four glyme compounds in 
water; it was applied to analyze numerous surface water samples 
by GC-MS [10]. The sample quantity was approximately 0.5-1.0L 
that is a relatively high quantity for extraction in pharmaceutical 
industries. A comparison of different techniques of sample 
preparation is provided in table 1.

Table 1: Comparison of previous studies performed on mono- and diglyme with different techniques of sample preparation.

References Technique Medium

Diglyme Monoglyme

Remarks
DL QL DL QL

Cao et al. [7]
Charcoal carbon black 
 extraction followed by 

GC-MS
Air-borne 1.5 µg/m3 None 13.2 µg/m3 None Performed in air-borne 

particles and expensive

Bensoam et al. [8]
SPE using coconut  

charcoal followed by 
GC/FID

Water 0.013µg/L 0.044 
µg/L 0.004µg/L 0.012µg/L Performed in water and 

not simple technique

van Stee et al. [9]
Extraction with SPE  
cartridges using GC-

AED/MS
Water Not provided Tedious technique

Stepien & Pütt-
mann [10]

Extraction with  
cartridges using GC/

MS
Water 0.007 µg/L 0.024 

µg/L 0.013 µg/L 0.047 µg/L Water samples

Present work
Headspace chromatog-

raphy  
using FID / GC-MS

Pharmaceu-
ticals 0.01µg/mL 0.03µg/

mL 0.01µg/mL 0.03µg/mL Simple technique
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To date, simple sample preparation approaches for the 
detection and quantification of monoglyme or diglyme have 
not been developed; in particular, to our knowledge, there is no 
report on the use of headspace chromatograph coupled with 
mass spectrometer and flame ionization detector to determine 
monoglyme and diglyme at the micro-level in the presence of other 
residual solvents in both pharmaceutical drugs (for example, in 
Saxagliptin, Memantine, and Etravirine) and biopharmaceutical 
drugs (for example, in Oncaspar, Pegaspargas, Peginterferon alpha 
2b, and Pegasta, which is generically known as Pegfilgrastim).

A literature survey revealed that there is no report of sample 
preparation methodology with the simultaneous estimation of 
monoglyme and diglyme at the micro-level in both the above 
pharmaceutical and biopharmaceutical drugs in the presence 
of other residual solvents. Food and Drug Administration (FDA) 
reviewer guidelines and the USP require the resolution between 
peaks to be not less than 1.5; this is the recommended system 
suitability criterion to ensure the separation of peaks in any 
kind of chromatographic techniques. A significant separation 
is achieved between monoglyme and diglyme in the presence 
of other residual solvents with a resolution factor of 1.5. The 
present study aimed to establish a simple quality control method 
for determining trace levels of monoglyme and diglyme in the 
presence of other residual solvents used in the manufacture of 
both pharmaceutical and biopharmaceutical drugs. We used 
headspace gas chromatograph with mass spectrometer and flame 
ionization detector as the analytical tools.

Materials and Methods

Materials

Saxagliptin, Memantine, and Etravirine drug substance samples 
were procured from Sigma Aldrich (Bengaluru, India). Saxagliptin 
tablets Onglyza® (5mg), memantine tablets Menata® (5mg), and 
etravirine tablets Intelence® (100 mg) drug-product samples were 
bought from Indiamart supplier (Chennai, India). Pegaspargase 
Injection 3750IU/5mL Hamsyl®, Peginterferon Alpha-2b for 
Injection PegiHep120® (120µg/0.5mL), and Pegfilgrastim 
Pegasta® 6mg Injections were purchased from Indiamart supplier 
(Bengaluru, India). Monoglyme, diglyme, methanol, ethanol, 
acetone, isopropanol, acetonitrile, dichloromethane, n-hexane, 
ethyl acetate, tetrahydrofuran, toluene, n-heptane, 2-butanone, 
cyclohexane, diethyl ether, benzene, triethylamine, methyl 
tertiary butyl ether, methyl isobutyl ketone, diisopropyl ether, 
dimethylformamide, dimethylacetamide, dimethyl sulfoxide, 
and benzyl alcohol were bought from Thermo Fisher Scientific 
(Mumbai, India). The VF-624 GC capillary column was obtained 
from LCGC Bioanalytic Solutions LLP (Hyderabad, India). Helium 
gas cylinder was procured from Indo Gas Agencies (Chennai, 
India). Development and validation studies were carried out using 
a 7890A gas chromatograph equipped with a G1888 headspace 
sampler (Agilent, Santa Clara, CA, USA) and coupled with 5973C 
GC-MS (Agilent, Singapore) and Flame Ionization Detector was 

utilized to identify and quantify the molecular mass of each 
monoglyme and diglyme chromatographic peak.

Preparation of diluent

Seven hundred mL of dimethyl sulfoxide and 300mL of water 
were added into a 1000mL glass bottle that was then covered with 
a lid and placed at 25°C for 30min mixed well.

Preparation of standard stock solution 

Monoglyme and diglyme (25mg each) reference standards 
were added into a 50mL volumetric flask and then the volume was 
made up to 50mL with the diluent.

Preparation of standard solution 

To prepare the standard solution, 0.1mL of the stock solution 
was transferred into a 100mL volumetric flask and the volume 
was made up to 100mL with the diluent. The concentration 
of the standard solution of both monoglyme and diglyme was 
approximately 1µg/mL. with respect to the analyte concentration.

Preparation of sample solution 

One thousand mg each of Drug substances saxagliptin, 
memantine, etravirine, powdered drug products of saxagliptin 
tablets of (Onglyza®), memantine tablets (Menata®), etravirine 
tablets (Intelence®) and biopharmaceuticals of Pegaspargase 
Injection (Hamsyl®), PEGinterferon Injection (PegiHep120®), 
and Pegfilgastim Injection (Pegasta®) were added into individual 
headspace vials, and 2mL of diluent were added into each 
headspace vial to prepare sample solutions.

Preparation of tolerance (spiked) sample solution

One thousand mg each of Drug substances of saxagliptin, 
memantine, etravirine; powdered drug products of saxagliptin 
tablets (Onglyza®), memantine tablets (Menata®), etravirine 
tablets (Intelence®) and biopharmaceuticals of Pegaspargase 
Injection (Hamsyl®), PEGinterferon Injection (PegiHep120®), 
and Pegfilgastim Injection (Pegasta®) were added into individual 
headspace vials. The tolerance sample solutions were prepared by 
adding 2mL of standard solution into each headspace vial.

Method

The gas chromatographic FID and mass spectrometric 
conditions were as follows; the column: VF-624 (30m × 0.25mm × 
1.4µm); the oven temperature program: preliminary temperature 
of approximately 45°C with a holding time of 10 min; the step-
up ramp 15°C/min; the final temperature 220°C after holding 
for approximately 5.33min. The split injection mode with a ratio 
of 10:1 was used. The column flowrate was 2.0mL/min. The 
injection port and FID temperatures were 220°C and 250°C, 
respectively. The oxidizer flow as 400 mL/min for Air gas and 
the fuel flow rate as 40mL/min for Hydrogen gas with the flow 
rate of 30mL/min for helium as make-up gas. The conditions 
of headspace (HS) were as follows: the oven, loop, and transfer 
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line temperatures are 80°C, 175°C, and 175°C, respectively, and 
the GC cycle time, vial equilibration time, vial pressure time, loop 
filling time, loop equilibration time, and injection time are 40min, 
10min, 30s (0.5min), 9s (0.15min), 6s (0.1min), and 60s (1.0min), 
respectively. The vial pressure was maintained at 10psi. The MS 
source and MS quadrupole temperature as 230°C and 150°C with 
the auxiliary temperature of 280°C. The mobile phase was helium 
for GCMS. The selected ion monitoring of 45 and 60 with the dwell 
of 400 milliseconds for monoglyme and diglyme, respectively. The 
one end of the VF-624 column was attached to Front In-let GC and 
other end primarily associated into MS splitter which consists of 
one input and two outputs. One output was connected into MS 
detector and other output was linked to Flame Ionization Detector 
of GC. Using this technique, data can be generated simultaneously 
in Signal plot of GC-FID and Total ion chromatogram of GC-MS.

Samples (2.0mL each) of diluent as the blank, standard 
solution as the standard, sample solution as the test sample, and 
tolerance sample solution as the spiked sample were pipetted 
into individual sub headspace vials, sealed using automatic vial 
crimpers, and placed in the respective positions of the automated 
headspace sampler. The specificity study was performed by 
adding ~20mg each of methanol, ethanol, acetone, isopropanol, 
acetonitrile, dichloromethane, n-hexane, ethyl acetate, 
tetrahydrofuran, toluene, n-heptane, 2-butanone, cyclohexane, 
diethyl ether, benzene, triethylamine, methyl tertiary butyl ether, 
methyl isobutyl ketone, diisopropyl ether, dimethylformamide, 
dimethylacetamide, dimethyl sulfoxide, and benzyl alcohol into 
individual headspace vials, 2.0mL of diluent were added to each, 
and the vials were sealed tightly. The samples were injected 
into the chromatograph for analysis. The chromatograms of the 
standard solutions are shown in figure 2.

Figure 2: Chromatogram of the standard solution: auto scaled (A), zoom scaled (0 - 15 min (B), and 15 - 30 min (C). Mass spectrum of 
monoglyme (D). Mass spectrum of diglyme (E).

Data analysis

The gas chromatographic and mass spectrometric data were 
recorded using ChemStation and MSD Chemstation Software 
(Agilent, Santa Clara, CA, USA). This headspace chromatography 
(GC-HS-MS) method was developed and validated using a 7890A 
gas chromatograph equipped with a G1888 headspace sampler 
and coupled with 5973C GC-MS (Agilent, Gurugram, India). The 
linearity analysis and plot creation were performed using Analyse-
it for Microsoft Excel 5.68 (Microsoft Corporation, Redmond, 
WA, USA and Analyse-it software limited, Leeds, UK). Analyse-it 
software was used for the statistical analyses.

Results and Discussion

Method development

The separation of monoglyme and diglyme in the presence 
of other residual solvents such as methanol, acetone, isopropyl 
alcohol, acetonitrile, dichloromethane, n-hexane, ethyl acetate, 
tetrahydrofuran, toluene, n-heptane, 2-butanone, cyclohexane, 
methyl tertiary butyl ether, methyl isobutyl ketone, diisopropyl 
ether, dimethylformamide, dimethylacetamide, and dimethyl 
sulfoxide was challenging in this study. To achieve separation, the 
VF-624 capillary column rather than others, such as DB-1, DB-5, 
DB-Wax, DB-1701, and DB-FFAP bonded phases was used. There 
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are studies on the detection of either monoglyme or diglyme [6-
15]. The VF-624 GC low bleed capillary column was chosen based 
on the mid-polar nature of the bonded phase, less noise level, 
inertness, and improved detection level.

The selection of pharmaceutical drug substances, drug 
products, and biopharmaceuticals was based on the solvents 
used in their pharmaceutical production and availability/cost of 
biopharmaceuticals in the market, and their utility in evaluating 
the method specificity. However, a resolution of less than 1.0 
between monoglyme and diglyme was obtained with 15 and 20m 
capillary GC columns; this resolution is not recommended by the 
pharmacopeia. To improve the resolution, the column length was 
increased to 30m with an internal diameter of 0.25mm and a 
packing particle size of 1.4µm.

Analytical method validation

The developed headspace chromatograph FID and mass 
spectrometric method was validated following the ICH guidelines 
Q2 (R1) and USP [16,17]. Precision, detection limit, quantitation 
limit, linearity and range, recovery, specificity, robustness, 
and solution stability were selected as the method validation 
parameters [16,17] and are discussed below.

System suitability and precision

The standard solution, prepared as mentioned in section 2, 
was analyzed six times by the headspace chromatograph to prove 
that the method was precise and suitable for the intended purpose. 
The resolution was approximately 4.5 between monoglyme (Peak 

A in Figure 2a) and diglyme (Peak B in Figure 2a) determined from 
the first injection of the standard solution; the %RSD was less than 
4% obtained from six injections of standard solutions. The system 
suitability and precision should meet the acceptance criteria of 
resolution not less than 1.5 and %RSD of not more than 15.0% 
[16,17]. Based on the above results, the system was deemed to be 
suitable for determining the monoglyme and diglyme content. The 
results are tabulated in table 2.

Method precision

Method precision was determined using the tolerance sample 
solution. The %RSD was determined for monoglyme and diglyme 
content by injecting the spiked tolerance sample six times. The 
%RSD for monoglyme and diglyme was less than 0.5% that is well 
within the acceptance criterion of 5.0% [16,17]. The intermediate 
precision was analyzed by a different analyst using columns of a 
different lot number, different instrument, and on a different day. 
The %RSD of monoglyme and diglyme content was less than 4% 
and met the acceptance criterion of not more than 5.0% [16,17]. 
The data obtained are tabulated in (Table 3). These findings show 
that the method is precise for the instrument concerned. A t-test 
was performed to analyze the method precision and intermediate 
precision results of drug substances of saxagliptin, memantine, 
and etravirine, drug products of saxagliptin tablets (Onglyza®), 
memantine tablets (Menata®), etravirine tablets (Intelence®), 
and biopharmaceuticals Pegaspargase Injection (Hamsyl®), 
PEGinterferon Injection (PegiHep120®), and Pegfilgastim 
Injection (Pegasta®). The t-stat value was either greater than +2.0 
or less than -2.0 is acceptable, indicating that the values (Table 4) 
are statistically significant with sufficiently strong evidence.

Table 2. Resolution and %RSD data.

%RSD of Peak Area

Inj.# Monoglyme Diglyme Criteria

1 10.94 23.51

≤15%

2 10.14 23.35

3 10.64 23.93

4 10.81 24.36

5 10.01 24.72

6 10.71 24.13

Mean 10.54 24

SD 0.38 0.52

%RSD 3.58 2.15

Resolution between Monoglyme and Diglyme

Inj.# Resolution Criteria

1 4.5 ≥1.5
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Table 3: Precision results of monoglyme and diglyme for drug substances of etravirine, saxagliptin, and memantine, drug products of Onglyza®, Mena-
ta®, and Intelence® and biopharmaceuticals of Hamsyl®, PegiHep120®, and Pegasta®.

Product Name / Test Parameter Preparation No. Monoglyme Content (µg/mL) Diglyme Content (µg/mL)

Method precision for etravirine

1 1.145 1.151

2 1.147 1.152

3 1.149 1.15

4 1.15 1.153

5 1.15 1.149

6 1.151 1.148

Method precision for saxagliptin

7 1.105 1.056

8 1.107 1.025

9 1.14 1.015

10 1.102 1.006

11 1.109 1.098

12 1.114 1.015

Method precision for memantine

13 1.025 1.111

14 1.012 1.134

15 1.035 1.156

16 1.045 1.121

17 1.051 1.098

18 1.023 1.145

19 1.036 1.132

20 1.056 1.117

21 1.032 1.161

Method precision for Onglyza®

22 1.054 1.159

23 1.021 1.102

24 1.031 1.121

Method precision for Mentata®

25 0.986 0.996

26 0.999 0.976

27 0.963 0.968

28 0.987 0.968

29 0.951 0.953

30 0.923 0.945

Method precision for Intelence®

31 0.974 0.987

32 0.981 0.989

33 0.983 0.998

34 0.965 0.977

35 0.976 0.985

36 0.945 0.995

Method precision for Hamsyl®

37 1.151 1.145

38 1.152 1.147

39 1.15 1.149

40 1.153 1.15

41 1.149 1.15

42 1.148 1.151
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Method precision for PegiHep120®

43 1.056 1.105

44 1.025 1.107

45 1.015 1.14

46 1.006 1.102

47 1.098 1.109

48 1.015 1.114

Method precision for Pegasta®

49 1.111 1.025

50 1.134 1.012

51 1.156 1.035

52 1.121 1.045

53 1.098 1.051

54 1.145 1.023

Table 4: t-Test values of monoglyme and diglyme for method precision results of drug substances, drug products, and biopharmaceuticals.

t-Test Results Monoglyme Diglyme

Mean 1.0649 1.0773

Variance 0.005 0.0049

Observations 54 54

Pearson Correlation 0.5071  

Hypothesized Mean Difference 0  

Df 53  

t Stat -1.2958  

P(T<=t) one-tail 0.1003  

t Critical one-tail 1.6741  

LOD and LOQ

The LOD and LOQ were established using the signal-to-noise 
approach recommended by the ICH guidelines Q2 (R1) and USP 
and its limits were 3 and 10 of LOD and LOQ, respectively. The 
solutions were prepared and serially diluted to obtain the required 
signal-to-noise ratio using the standard solutions and diluent. 
The detection and quantification limits for monoglyme and 
diglyme were 0.01 and 0.03µg/mL, respectively, demonstrating 
that the technique was sufficiently sensitive for determining 
the monoglyme and diglyme content in all pharmaceutical and 
biopharmaceutical samples.

Linearity and range

The linearity of the method was established by analyzing 
serially diluting solutions containing both monoglyme and diglyme 
at the starting level of LOQ and several times the strength of the 

standard solution (i.e., 200000%) [16,17]. The linearity solutions 
were prepared at the LOQ level of 40%, 50%, 100%, 150%, and 
200000% of the sample strength. The LOQ and 200000% solutions 
were injected six times and the other linearity solutions were 
injected twice into the chromatograph. A correlation coefficient 
of 1.0000 was obtained for both monoglyme and diglyme, higher 
than the 0.98 limits for the correlation coefficient [16,17]. The 
range was calculated from the linearity data of the LOQ and 
200000% solutions that represented the lower and upper levels 
of sample strength. The specified concentration range (0.03 - 
2000µg/mL) for both monoglyme and diglyme is presented in 
Table 5. The technique was found to be linear, and the range was 
consistent with the ICH guidelines Q2 (R1) and USP [16,17]. The 
regression statistics summary output showed that the regression 
model cannot be rejected. The obtained real values Table 6&7 
passed close to but not exactly through the origin. The linearity 
graph for both monoglyme and diglyme is shown in figure 3.
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Figure 3: (A) Linearity plot of monoglyme. (B) Linearity plot of diglyme.

Table 5: Linearity data for monoglyme and diglyme.

Monoglyme

Sample No. % Level Concentration (µg/mL) Area 

1 LOQ (3) 0.0304 0.2994

2 40 0.4033 3.895

3 50 0.5023 5.012

4 100 1.0045 10.026

5 150 1.5068 14.986

6 200000 2009 19985

Slope 9.9477

Y-intercept -0.015

Correlation co-efficient squared (R2) 1

Diglyme

Sample No. % Level Concentration (µg/mL) Area 

1 LOQ (3) 0.0309 0.5988

2 40 0.4094 7.79

3 50 0.5099 10.024

4 100 1.0197 20.052

5 150 1.5296 29.972
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6 200000 2039.4 39970

Slope 19.5989

Y-intercept -0.0299

Correlation co-efficient squared (R2) 1

Table 6: Regression statistics summary output for monoglyme.

Regression Statistics

Multiple R 1

R2 1

Adjusted R 
Square 1

Standard Error 0.059

Observations 6

ANOVA

 df SS MS F Significance F

Regression 1 332605739.6 332605739.6 9.553E+10 0

Residual 4 0.0139 0.0035  

Total 5 332605739.6  

 Coefficients Standard Error t Stat P-value Lower 
95% Upper 95% Lower 95.0% Upper 95.0%

Intercept -0.015 0.0264 -0.5673 0.6009 -0.0883 0.0583 -0.0883 0.0583

X Variable 1 9.9477 0 309072.7514 0 9.9477 9.9478 9.9477 9.9478

Accuracy

The accuracy of the technique was established using the 
tolerance sample solutions. The accuracy of the method was 
evaluated at the lowest, specification, and highest levels of LOQ, 
100%, and 150%, respectively. The required recovery value limit 
is between 80% and 120%. Each LOQ, 100%, and 150% levels 
tolerance sample solutions were prepared in triplicate to prove 
the accuracy of the method. These solutions were injected once 

into the chromatograph, and the recovery value of monoglyme 
and diglyme in drug substances of saxagliptin, memantine, 
etravirine, drug products of saxagliptin tablets (Onglyza®), 
memantine tablets (Menata®), etravirine tablets (Intelence®), 
and biopharmaceuticals of Pegaspargase Injection (Hamsyl®), 
PEGinterferon Injection (PegiHep120®), and Pegfilgastim 
Injection (Pegasta®) were calculated. The obtained values 85% - 
108% were within the acceptable limits. The results are shown 
in table 8.

Table 7: Regression statistics summary output for diglyme.

Regression Statistics

Multiple R 1

R2 1

Adjusted R Square 1

Standard Error 0.118

Observations 6

ANOVA

 df SS MS F Significance F

Regression 1 1330422958 1.33E+09 9.556E+10 0

Residual 4 0.0557 1.33E+09  

Total 5 1330422958  

 Coeffi-
cients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 

95.0%

Intercept -0.0299 0.0528 -0.567 0.601 -0.1765 0.1166 -0.1765 0.1166

X Variable 1 19.5989 0.0001 309124.13 0 19.5987 19.5991 19.5987 19.5991
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Table 8: Accuracy of monoglyme and diglyme content determined in various pharmaceutical drug substances, drug products, and biopharmaceuticals.

Name of Pharmaceutical Drug Substances, 
Drug Products, and Biopharmaceuticals

% Recovery for monoglyme

LOQ 50% 100% 150%

Etravirine 106% 107% 108% 103%

Saxagliptin 103% 99% 99% 101%

Memantine 98% 99% 95% 97%

Etravirine Tablets 101% 102% 103% 97%

Saxagliptin Tablets 101% 101% 108% 95%

Memantine Tablets 102% 103% 102% 101%

Hamsyl® Injection 85% 91% 94% 88%

PegiHep Injection 91% 93% 87% 92%

Pegasta Injection 96% 95% 94% 94%

Name of the Pharmaceutical Drug Sub-
stance, Drug Products, and Biopharmaceu-

ticals

% Recovery for Diglyme

LOQ 50% 100% 150%

Etravirine 95% 108% 101% 101%

Saxagliptin 101% 102% 103% 102%

Memantine 97% 103% 102% 101%

Etravirine Tablets 101% 102% 103% 97%

Saxagliptin Tablets 101% 101% 108% 95%

Memantine Tablets 102% 103% 102% 101%

Hamsyl® Injection 85% 91% 94% 88%

PegiHep Injection 91% 93% 87% 92%

Pegasta Injection 96% 95% 94% 94%

Specificity

The specificity of the method was established by injecting 
each solvent into the chromatograph. There should not be any 
interference at the retention time of monoglyme and diglyme 
peaks in blank and other solvent solutions. Failure in specificity 
tests leads to the misinterpretation of results in the samples. 
Furthermore, the results of spiking of solvents with the sample 
indicated that monoglyme and diglyme were not co-eluted with 
the other solvents. The data showed that the technique was 
specific for the determination of monoglyme and diglyme.

Robustness

The robustness of the technique was established by varying 
the oven temperature, column flow rate, and headspace oven 
temperature. The variations were evaluated at oven temperatures 
of 40°C and 50°C, column flow rates of 1.8 and 2.2mL/min, and 
headspace oven temperatures of 100°C and 120°C. The system 
suitability criteria such as the resolution and %RSD of monoglyme 

and diglyme remained unchanged. Thus, the developed technique 
was found to be robust and suitable for the intended analysis.

Solution stability

The solution stability was determined using the standard 
and sample solutions. The standard and sample solutions were 
prepared and injected immediately at time 0 h. These standard and 
sample solutions were then kept at the laboratory temperature 
for 24h and injected at the 24h time. The %RSD of the standard 
solution was 15.0, and no difference was observed in the content 
of monoglyme and diglyme compared with the sample solution.

Limitations

A limitation of this method is the 30m length of the capillary 
column. When the column length was reduced to 15 or 20m, the 
total flow rate (column, split flow, and septum purge flow) was also 
modified to maintain the total flow rate at approximately 20mL/
min as recommended by Agilent experts for the reproducibility. 
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However, further adjustments would be needed to obtain a robust 
headspace chromatographic with mass spectrometric method.

Conclusion

Herein, we report a versatile headspace gas chromatograph 
coupled with mass spectrometer method for the simultaneous 
separation and quantification of monoglyme and diglyme 
in pharmaceutical drug substances, drug products, and 
biopharmaceuticals at the micro-level. The developed method 
is precise, sensitive, linear, accurate, specific, and robust for the 
detection and quantification of monoglyme and diglyme in both 
chemically and biologically active substances. Molecular masses 
were confirmed for monoglyme and diglyme by GC-MS. Using 
headspace chromatograph with FID and mass spectrometer, 
monoglyme and diglyme can easily be estimated at trace levels 
during the commercial preparation in both chemically and 
biologically active substances in both industries. The detection and 
quantitation of glymes may be further simplified using headspace 
chromatography with the required analyte concentration or 
improved sampling technique at the ng/mL level upon further 
research.
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