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METHODS 

OVERVIEW 

Purpose: To evaluate the adsorption effect of a 
typical basic drug on the surface of glass 
autosampler vials.   

Method: Nortriptyline was chosen as a model 
compound to demonstrate the adsorption effect.  

The adsorption of this compound in autosampler 
vials was monitored using LC/MS/MS analysis. 

Results: The adsorption of the model compound 
was compared in vials from different vendors. 

 

INTRODUCTION 

Adsorption by Ion Exchange Mechanism 

Most glass vials are made of type I borosilicate glass 
typically comprised of approximately 4 % Na2O.  The 

residual sodium ions on the glass surface can be 

dissociated from the glass surface by hydrolysis with 

aqueous solutions.  This leads to negatively charged 
sites on the  silica  surface that behave as cation 

exchange sites for protonated basic compounds 

(Figure 1).  The level and the rate of the adsorption 

effect is primarily determined by the amount of 

sodium available on the surface and the surface area 
in contact with the sample solution. Due to the small 

surface area of vials, the adsorption is more 

noticeable at concentrations of parts per billion (ng/

mL) or lower, which are the typical concentration 

ranges for MS/MS or other highly sensitive MS 
techniques.  An UPLC system interfaced with a 

tandem quadrupole MS system was used for the 

analysis of nortriptyline.  The adsorption of 

nortriptyline was calculated by comparing the areas 

obtained from standard solutions stored in glass vials 
to the same solution stored in polypropylene vials, 

which were used as control.    
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CONCLUSIONS 

• A simple, quick and sensitive isocratic LC/MS/MS 

method was developed to quantify the loss of 

nortriptyline due to the absorption to the surface of 

glass vials.  

•  Compared to other vendors’ vials, Waters prototype 

vials demonstrated consistent and low adsorption 

loss of nortriptyline. 

••••  The tight control of the manufacturing process for 

the Waters prototype vials ensures consistent 

performance in LC/MS/MS for low level 

concentrations of analytes. 

RESULTS 
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MS  Conditions  

Methodology 

Calculation  

The %Loss for nortriptyline of individual vials is calcu-

lated as: 
 

 

 

                  

Asample  = peak area of glass vial  
Astandard =average peak area of two QC controlled 

standards in polypropylene vials 
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Table 2: %Loss Comparison of Waters Prototype Vials 

to Other Vendors’ Vials  

Table 4: Waters Vials Batch Testing  

Table 3: Other Vendor’s Vials Batch Testing  

 

Batch-to-batch reproducibility was much better for 
the Waters prototype vials compared with vials from 

two other vendors (Tables 3 and 4).   

Table 1: Comparison of Average Loss of Nortriptyline  

 

Figure 1: Basic Compound Adsorption to the Glass 

Surface  

Figure 2:  Nortriptyline injected repeatedly over a three 

hour time period from the same vial  

The percentage loss at 1 ng/mL ranged from less than  

10% up to 62.4% for all of the glass vials tested. If 
the vial is left undisturbed without vortexing, there is 

continuous adsorptive loss with time, but most of the 

loss takes place in the first 20 minutes (Figure 2).   In 

typical lab workflow, the sample solution has been in 

contact with the glass surface for a few hours before  
the assay.  Analyte adsorption to glass vials may be 

completed. 
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Figure 3: Overlaid Chromatograms of Nortriptyline 

(1ng/mL) In Glass Vials and QC Controlled Samples  
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Clear vial 

The adsorption of nortriptyline was calculated by 

comparing the MRM peak areas from a solution stored 
in glass vials to the MRM peak areas from the same 

solution stored in polypropylene vials.  High concen-

tration (5 ppm) samples were evaluated using UPLC 

with UV detection.  Low concentration samples were 

evaluated using UPLC-MS. + +HB+ HB+O
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MS system: Quattro Premier XE Mass Spectrometer

Software:    Waters MasslynxTM V.4.1

Source Temperature: 140 °C

Desolvation Temperature: 400 °C

Desolvation Gas: 800 L/Hr

Cone Gas: 50 L/Hr

Collision Gas: 0.30 mL/min

Capillary Voltage: 1.0 kV

Ionization Mode:    ESI+  

Parent (m/z): 264.13  

Daughter (m/z): 91.0 

Dwell Time (S): 0.05  

Cone Voltage (V): 26.00

Collision Energy (eV) : 20.00

UPLC  Conditions  

Nortriptyline Structure 

Vial  Information 
Peak 

Area
%Loss  

Avg %Loss 

(n=10)
%Loss Range *

Vendor A MS Vial # 1 198.31 -26.39

Vendor A MS Vial # 2 168.09 -37.61

Vendor A MS Vial # 3 249.02 -7.57

Vendor A MS Vial # 4 173.90 -35.45

Vendor A MS Vial # 5 196.83 -26.94

Vendor A MS Vial # 6 192.07 -28.71

Vendor A MS Vial # 7 192.79 -28.44

Vendor A MS Vial # 8 224.49 -16.68

Vendor A MS Vial # 9 216.99 -19.46

Vendor A MS Vial # 10 199.56 -25.93

QC Control Standard 1 275.02 -

QC Control Standard 1 263.81 -

Waters Prototype Vial # 1 266.33 -0.08

Waters Prototype Vial # 2 260.48 -2.27

Waters Prototype Vial # 3 235.73 -11.56

Waters Prototype Vial # 4 250.96 -5.84

Waters Prototype Vial # 5 270.17 1.37

Waters Prototype Vial # 6 239.21 -10.25

Waters Prototype Vial # 7 264.90 -0.61

Waters Prototype Vial # 8 255.99 -3.95

Waters Prototype Vial # 9 259.05 -2.81

-4.00 12.93

%Loss Range *

-25.32 30.04

Avg %Loss 

(n=9)

• %Loss Range = |Highest %Loss - Lowest %Loss| 

   Waters Prototype Batch 1 (n=10) -5.16

   Waters Prototype Batch 2 (n=10) -5.33

   Waters Prototype Batch 3 (n=10) -6.51

   Waters Prototype Batch 4 (n=5) 5.83

   Waters Prototype Batch 5 (n=5) 0.16

   Waters Prototype Batch 6 (n=5) 4.38

 AVG Loss%Vials Information

   Vendor C Clear Batch 1 (n=5) -52.66

   Vendor C Clear Batch 2 (n=10) -27.00

   Vendor A Clear Batch 1 (n=7) -62.40

   Vendor A Clear Batch 2 (n=10) -28.25

 AVG %LossVial Information

Note: 

A “-” for %Loss means the areas from glass vials are 
lower than the areas from QC control in polypropylene 

vials.  

A “+” for %Loss means the areas from glass vials are 

higher than the areas from QC control in polypropyl-

ene vials.  

Vials  Information UPLC UV (5µg/mL) LC/MS/MS (1ng/mL)

  ( n = 3 )    ( n = 10 )  

  Waters Prototype 1.80 -5.33

  Vendor B 2-mL Clear Vial -3.25 -47.49

AVG Loss%   

The analyte concentration is an important factor to be 

considered regarding adsorptive losses.  As shown in 
Table 1, the loss of  nortriptyline is 48% at the 1 ppb 

level but only 3% at the 5 ppm level. This demon-

strates that there is a limited amount of active ion-

exchange sites on the  surface of the glass vials.  

Therefore, vial adsorption loss is more of a concern 
for LC-MS analysis that is routinely performed at 

much lower analyte concentrations compared with 

typical LC-UV analysis. 

As shown in Table 2, vendor A’s vials showed a aver-

age loss (n=10) of 25.32%.  The data also indicated a 
wide range of adsorption loss of 30% (from  

-7.57% to -37.61%) between the vials with the high-

est and the lowest loss. Waters prototype vials not 

only showed a smaller average loss of 4% (n=9), but 

the range of loss was also less than 13%.  The differ-
ences among individual vials were reduced when the 

adsorption loss is minimized. 

In the overlaid chromatograms above, on the left, 

vendor A’s vial showed significant loss compared to 
the QC controlled standard.  The overlay chroma-

tograms on the right, Waters prototype vial showed 

almost no loss compared to the QC controlled stan-

dard. 

Waters Prototype 
Clear Vial 

System: ACQUITY UPLC® system

Column: ACQUITY UPLC® BEH C18 1.7µm, 2.1X50mm

Mobile Phase A: 50/50 ACN/H2O with 10 mM CH3COONH4

in water, pH5.0

Flow Rate: 0.5 mL/min 

Isocratic: 100%A for 1 minute

Injection Volume: 10 µL

Column Temperature: 30 °°°°C

Sample Temperature: 15 °°°°C

Sample Diluent: 75/25 H2O/ACN

Strong needle Wash: 60/40 ACN/IPA with 2% HCOOH

Weak Needle Wash : 90/10 H2O/ACN with 0.1% HCOOH 

Seal Wash: 90/10 H2O/MeOH


