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Abstract 

Oligonucleotides are synthetic strings of DNA or RNA used mostly for biochemical analysis 

and diagnostics. For them to be useful in these fields, a purity over 90% is most often 

required. However, when synthesizing these sequences, many “failures” (shorter sequences) 

are made in the step-wise process. The synthesized oligonucleotides need to therefore be 

purified. This is most often done with gel electrophoresis or liquid chromatography. These 

methods are, on the other hand, very time-consuming and laborious. Solid phase extraction 

(SPE) is a much faster purification method if optimized and it can be done with the standard 

cartridges as well as 96-well plates, that allow many samples to efficiently be run at the same 

time. With reversed phase (RP) SPE, the dimethoxytrityl (DMT) group, that is attached to the 

target at the final synthesis step, can be used for stronger retention to the bed sorbent and 

leaving only the target at the final eluting stage. The impurities without a DMT-on group, that 

do not adsorb to the sorbent, are washed away in earlier steps. The purpose of this study is to 

optimize an SPE method for purification of oligonucleotides. Two different cartridges, Clarity 

QSP (Phenomenex) and Glen-Pak (Glen Research) were used. The purity analysis and 

oligonucleotide identification were done using anion exchange - high performance liquid 

chromatography (AIE-HPLC) and time-of-flight mass spectrometry (TOF MS).  

To conclude, Clarity QSP achieved, at the most, a purity of 68.8% with the recommended 

SPE steps by Phenomenex. Alterations in the extraction procedure resulted in similar purity or 

lower. Glen-Pak reached a peak purity of 78.8% when doing a double salt wash of 5% ACN 

in 2 M sodium chloride and another double wash after detritylation with 1% acetonitrile. This 

method has to be further optimized in order to reach a purity of at least 90% to be useful in 

industrial settings. 
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List of Abbreviations 

SPE Solid phase extraction 

RP Reverse phase 

IE Ion exchange 

AIE Anion exchange 

DMT Dimethoxytrityl 

HPLC High performance liquid chromatography 

UPLC Ultra-performance liquid chromatography 

PCR Polymerase chain reaction 

AIDS Acquired immunodeficiency syndrome 

DCA Dichloroacetic acid 

TFA Trifluoroacetic acid 

LB Loading buffer 

ACN Acetonitrile 

TEAA Triethylammonium acetate 

TOF MS Time-of-flight mass spectrometry 

OD Optical absorbance 

PDA Photodiode array 

ESI Electrospray ionization 

 

 

 

 

 

 

 



 

Table of Content 

1 Introduction ............................................................................................................................. 1 

1.1 Background ....................................................................................................................... 1 

1.2 Aim .................................................................................................................................... 3 

2 Materials and method .............................................................................................................. 4 

2.1 Sample information ........................................................................................................... 4 

2.2 Chemicals ......................................................................................................................... 4 

2.3 Sample preparation .......................................................................................................... 4 

2.3.1 Solid phase extraction ................................................................................................ 4 

2.4 Instrumental analysis and quality control of oligonucleotides ........................................ 5 

2.4.1 UV/Vis spectrophotometry ........................................................................................ 6 

2.4.2 Anion exchange – High performance liquid chromatography ................................... 6 

2.4.3 Time-of-flight mass spectrometry .............................................................................. 6 

2.5 Calculations ...................................................................................................................... 7 

2.5.1 Optical absorbance calculations ................................................................................. 7 

2.5.2 Analysis calculations.................................................................................................. 7 

3 Results ..................................................................................................................................... 8 

3.1 Clarity QSP ....................................................................................................................... 8 

3.2 Glen-Pak ......................................................................................................................... 11 

4 Discussion ............................................................................................................................. 19 

4.1 Analysis ........................................................................................................................... 19 

4.2 Possible errors ................................................................................................................ 19 

4.3 Future recommendations ................................................................................................ 20 

5 Conclusion ............................................................................................................................. 22 

References ................................................................................................................................ 23 

Appendix ................................................................................................................................... 24 

 

 

 

 



 1 

1 Introduction 

1.1 Background  

Oligonucleotides are synthetically made DNA or RNA strands that can be built up to 200 base 

pairs [Buszewski, Safaei and Studzinska (2015)]. They are used for many different things 

such as research, genotyping and testing in subjects like biochemical analysis, forensics 

therapeutics and diagnostics [Gilar and Bouvier (2000), Zhang et al. (2016)]. They are mostly 

used as primers for DNA sequencing or polymerase chain reaction (PCR) but can also be used 

to, for example, modulate gene expression. Another use is as drugs to test several diseases 

such as acquired immunodeficiency syndrome (AIDS), Alzheimer, cancer etc. [Buszewski, 

Safaei and Studzinska (2015)]. 

Oligonucleotides are synthesized in steps [Gilar and Bouvier (2000)]. Nucleotides are added 

onto each other one by one through something called “coupling”. However, not all 

nucleotides in the mixture react to this addition. Consequently, these need to be “capped”. 

They are usually capped by acetic anhydride and this results in several shorter fragments 

(impurities) of the target oligonucleotide in the mixture. During this process more impure 

fragments can be created by incomplete deblocking or capping [Gilar and Bouvier (2000), 

Semenyuk et al. (2006)]. This would result in fragments, that are missing a base in the 

sequence, to further elongate to the last step, when the dimethoxytrityl (DMT) protection 

group is added to the sequence for the last time. It would result in several failure fragments 

having similar length to the target oligonucleotide, hence, making it more difficult to separate 

them from the target. When, for example, used in PCR as PCR primers, this could be a source 

of false signals.  

Because of the limited purity of the synthesized oligonucleotide, the solution has to be 

purified. Most applications most often require high purity for good results [Zhang et al. 

(2016)]. In other words, the target sequence has to be separated from the failures. Purification 

is usually quite complex, time-consuming and allows only small volumes to be purified [Gilar 

and Bouvier (2000)]. It is mainly done with electrophoresis and liquid chromatography such 

as high-performance liquid chromatography (HPLC) or ultra-performance liquid 

chromatography (UPLC). Both of these methods are difficult to automate but achieve high 

purities above 95%. Gel electrophoresis is good at separating long oligonucleotides, over 50-

60mer, as it separates sequences based on their length [Zhang et al. (2016)]. This is, on the 

other hand, a time-consuming process. The gel is often overloaded as it has a low loading 

capacity and several modified sequences are also impossible to separate with electrophoresis. 

Moreover, it encounters the problem of human errors that could cause lower purity and 

recovery of the product when excising the bands on the gel [Gilar and Bouvier (2000)]. When 

it comes to HPLC, both reversed phase (RP) and ion exchange (IE) only optimally purify 

short sequences. Sequences higher than 20mer for RP and 30mer for anion exchange (AIE) 

decreases the separation selectivity. RP usually retains hydrophobic compounds to the 

stationary phase and elutes polar compounds first [Zhang et al. (2016)]. However, in solutions 

with pH over 4, each phosphodiester bond, that join sugar molecules in oligonucleotides, 



 2 

contain one negative charge. This would make IE more suitable for separation. Semenyuk et 

al. (2006) also states that RP-HPLC has limited resolution. Consequently, incomplete 

information from the analysis of oligonucleotides is delivered with this method. 

Another purification method that has received increasing interest is SPE. It is less time-

consuming, uses up less solvent, concentrates the sample, gives good recovery percentage and 

the procedure can be automated by connecting it on-line to a chromatographic system 

[Jagadeesan (2017)]. The standard single cartridges can also be upgraded to 96-well plates to 

analyze larger amounts of samples efficiently at the same time [Buszewski and Szultka 

(2012)]. These plates contain packed bed sorbents in an 8 x 12 arrangement. They allow 

extraction of 96 samples to take place in less than an hour in comparison to chromatographic 

analysis that usually takes around 20 minutes or more to analyze just one sample. According 

to Buszewski and Szultka (2012), 96-well plates are the future of fast, precise and accurate 

bioanalysis.  

SPE can be used for charged, non-polar and polar compounds and helps concentrating your 

sample with your target analyte [Buszewski and Szultka (2012)]. SPE is made up of a solid, 

stationary phase consisting of the bed sorbent in the cartridge as well as a liquid-liquid phase 

containing the sample. In order for the extraction to be successful, the analyte of interest has 

to be more attracted to the solid phase than the sample matrix. There are generally four steps 

to SPE [Berrueta, Gallo and Vicente (1995), Jagadeesan (2017)]. First is the conditioning of 

the stationary phase where the sorbent is activated and cleaned, then equilibrated (cleaned) 

with a solvent similar to the mobile phase used. Thereafter, the sample is loaded onto the 

column and the analytes of interest are adsorbed onto the solid phase. This is followed by a 

washing step, where the impurities are washed away. Finally, the analyte of interest is eluted 

with an eluting solvent. 

Different types of sorbents can be used in SPE. There is normal phase (silica, alumina), RP 

(C18, C8), IE, mixed-modes (IE + RP) and polymer-based sorbents [Buszewski and Szultka 

(2012), Jagadeesan (2017)]. In normal phase sorbents, polar analytes mixed with a non-polar 

mobile phase are attracted to a polar stationary phase. For RP, this is the opposite. The 

analytes of interest are mixed into a polar matrix and bond to the stationary phase by 

hydrophobic interactions, similarly to RP-HPLC. In IE there are ionic interactions. Negatively 

or positively charged analytes bind respectively to the positive and negative functional groups 

on the sorbent. 

The retention of the sample to the sorbent is less efficient with very polar compounds 

[Phenomenex (2013), Glen Research (2018)]. Hence, an interesting concept that can be 

applied to the purification of oligonucleotides is the “trityl-on” SPE method. This method 

uses the DMT protection group that is located to the left on the target sequence after synthesis 

(see illustration of compound connected to a nucleotide in Figure 1). It is a hydrophobic, 

lipophilic group which bonds to the functional groups on the non-polar solid phase.  



 3 

 

Figure 1: Compound structure of dimethoxytrityl (DMT) attached to a fragment with a 

cytosine base. Next base fragment will bind to the phosphate group. Source: 

https://eu.idtdna.com/pages/education/decoded/article/oligo-synthesis-why-idt-leads-the-

oligo-industry 

Trityl-on RP-SPE purification is used for both Clarity QSP (Quick, Simple, Pure) from 

Phenomenex and Glen-Pak (Glen Research) cartridges [Phenomenex (2013), Glen Research 

(2018)]. According to Phenomenex and Glen Research, a purity above 90% should be 

possible to reach when using their cartridges [Phenomenex (2013), Glen Research (2018), 

Scott (2008)]. The trityl-on method requires an extra step to be added to the standard SPE. 

That is detritylation. After conditioning the cartridge, loading the sample and washing it, the 

DMT-on group has to be removed in order for the target oligonucleotide to later be eluted. An 

orange band usually appears on the bed sorbent as this happens. During and after detritylation, 

the sample is exposed to very low pH conditions. This can cause depurination, in other words, 

hydrolysis of a purine adenine or guanine base, which is a cause of lower purity of the target 

compound. To avoid this an eluting buffer of pH 7-8 is used. Phenomenex (2013) 

recommends the detritylation agent for Clarity QSP to be 1% dichloroacetic acid (DCA) as 

this causes less than 2% depurination [Scott (2007)]. For 96-well plates 0.5% DCA can be 

used, leading to less than 1% depurination. For Glen-Pak cartridges the standard 

trifluoroacetic acid (TFA) is used as the detritylation agent with an acetonitrile-buffer mix to 

later elute the target sequence [Gilar and Bouvier (2000), Glen Research (2018)].  

1.2 Aim  

The aim of this project was to optimize the purification method of oligonucleotides with the 

help of SPE cartridges. This was mainly done by optimizing the washing solutions to more 

efficiently remove impurities and thereby increase the purity of the target oligonucleotide in 

the final eluates. A purity of 80-85% was aimed to be achieved within the scope of this 

project. For SPE to be used industrially, at least 90% purity had to be achieved. Clarity QSP 

(Phenomenex) and Glen-Pak (Glen Research) cartridges were used, as these reversed phase 

sorbents were specifically made for trityl-on oligonucleotide purification. The purity and 

recovery of oligonucleotides after SPE were used to determine its quality and were analyzed 

with UV/Vis spectrophotometry and AIE-HPLC. The project work was performed at SGS 

DNA (Köping, Sweden). 

https://eu.idtdna.com/pages/education/decoded/article/oligo-synthesis-why-idt-leads-the-oligo-industry
https://eu.idtdna.com/pages/education/decoded/article/oligo-synthesis-why-idt-leads-the-oligo-industry
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2 Materials and method 

2.1 Sample information 

Three oligonucleotide (30mer) samples, with the sequence “5´-DMT-on-

GTGGATCTGCGCACTTCAGGCTCCTGGGCT-3´”, had been synthesized to be used for 

comparing and optimizing purification techniques of SPE. These samples were prepared 

before use in this study by the company it was performed at; SGS DNA (Köping, Sweden). In 

this investigation, two different SPE cartridges (Clarity QSP from Phenomenex and Glen-Pak 

from Glen Research) were tested together with different washing solutions and 

concentrations. In reports from Phenomenex and Glen Research, purities above 90% were 

reached [Phenomenex (2013), Glen Research (2018)]. The optimization work was performed 

to prove if similar results could be achieved at the company as well. 

All samples containing oligonucleotides that had undergone SPE were stored in a freezer at    

-20°C if kept overnight. In preparation for spectrometric and chromatographic analysis they 

were stored in a refrigerator at 4-6°C. Samples prepared to be used for SPE as well as Clarity 

QSP loading buffer (LB), sodium chloride and sodium perchlorate were also stored in a 

refrigerator at the same temperature as earlier stated. All other chemicals were stored at room 

temperature. 

2.2 Chemicals  

Different chemicals were gathered and used for this study. A 1.00 L Clarity QSP DNA LB 

(methanol solution) was bought from Phenomenex. Other chemicals used were 99.8% HPLC 

grade methanol (ThermoFisher), 95% HPLC grade ethanol (CCS Healthcare), 100% HPLC 

grade acetonitrile (ACN) (ThermoFisher) and 18.2  Milli-Q water (Milli-Q Advantage). 

Solutions were also prepared at the facility by personnel at SGS DNA. These solutions were 

1% dichloroacetic acid (DCA), 2% trifluoroacetic acid (TFA), 20 mM NH4HCO3/20% ACN, 

100 mg/mL NaCl, 4 M NaCl, 2 M NaClO4, 2 M triethylammonium acetate (TEAA) pH 7, 

50% acetonitrile/water containing 0.5% NH4OH, 30% ammonia and 40% acetic acid.  

2.3 Sample preparation 

The 30mer samples were put in an ammonia solution and mixed with an equal amount of 

buffer before being put through SPE. For Clarity QSP extraction, 300 L sample was added 

to 300 L of Clarity QSP LB. For Glen-Pak extraction, 1.00 mL sample was added to       

1.00 mL of 100 mg/mL sodium chloride. 

2.3.1 Solid phase extraction 

Two types of SPE cartridges were used; Clarity QSP cartridges 60 mg/3 mL from 

Phenomenex and Glen-Pak DNA Purification cartridges from Glen Research. The Clarity 

QSP cartridges purify DNA sequences with 10-100 nucleotides at a synthesis scale of 200 

nmole-25 mole, while Glen-Pak purifies oligonucleotides up to 150 bases with a synthesis 

scale of 10 nmole-1 mole [Phenomenex (2013), Glen Research (2018)]. Fraction eluates 

from all steps described in the methods below (recommended by Phenomenex and Glen 

Research) were collected in 15 mL PP-tubes.  
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Clarity QSP 

The vacuum manifold was first altered to a pressure of 2-3’’ Hg. The columns were then 

conditioned with 1.00 mL methanol and equilibrated with 1.00 mL Milli-Q water 

[Phenomenex (2013)]. After this, the 600 L sample was loaded onto the column, which was 

then washed with 1.00 mL 50% Clarity QSP loading buffer. The vacuum was increased for 30 

s to 5’’ Hg. Following this, 1.00 mL 1% DCA was added to the column, giving its stationary 

phase a pink color as the DMT is separated from the oligonucleotide of interest. Thereafter, 

the column was washed twice with 1.00 mL Milli-Q water and the vacuum increased for 1 

min to 10’’ Hg. Finally, the sample was eluted with 1.50 mL 20 mM NH4HCO3/20% ACN.  

Different parameters, such as sample load and washing solutions, were altered during the 

process. Amounts of 300, 450 and 600 L sample load was tested. The washing solution for 

the first wash was tested with 5%, 7% and 10% ACN in 50% loading buffer, as well as 10%, 

15% and 20% 100 mg/mL sodium chloride in 50% loading buffer. 

Glen-Pak 

The vacuum manifold was first altered to a pressure of 2-3’’ Hg and 0.50 mL ACN was added 

to condition the column [Glen Research (2018)]. Thereafter, 1.00 mL of 2 M TEAA was 

added and the pressure raised to 5’’ Hg. Followed by this, 2.00 mL of the sample was loaded 

onto the column. Then it was washed with 2.00 mL 5% ACN in 100 mg/mL sodium chloride. 

The sample was deprotected by adding 2.00 mL 2% TFA, producing a pink color in the 

stationary phase similarly to adding 1% DCA in Clarity QSP. It was then washed in 2.00 mL 

Milli-Q water and finally eluted with 3.00 mL 50% ACN containing 0.5% ammonia solution.  

Parameters such as conditioning, sample load and washing solutions were tested in different 

ways. Three mL 2 M TEAA was tried once in the conditioning step. Lower amounts of 

sample load were also tried at 1.00 and 1.50 mL. The salt wash was altered to 5% ACN in      

2 M NaCl (being washed both once and twice) as well as being washed twice with the 

original salt wash. A different salt was tried using 5% ACN in 0.5 M, 1 M and 1.5 M NaClO4. 

10%, 20%, 30%, 40% and 50% ammonia was also added to the salt wash solution together 

with 5% ACN in 2 M NaCl. The second washing solution was tested as a single and double 

wash at 1% ACN and 2% ACN. Single washes of 3% ACN and 5% ACN were also tested. 

2.4 Instrumental analysis and quality control of oligonucleotides 

All samples were analyzed by the following instrumental techniques; UV/Vis 

spectrophotometry, AIE-HPLC and time-of-flight mass spectrometry (TOF MS). UV/Vis was 

used for measuring the amount and concentration of oligonucleotides in the samples. Liquid 

chromatography was used for purity analyses and MS was used to differentiate between 

DMT-on and DMT-off sequences in the final eluates of the samples. The instrument specifics 

such as gradient, column etc. are covered as confidential information of SGS DNA and are 

therefore not presented in this report. 
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2.4.1 UV/Vis spectrophotometry 

A Nanodrop 2000C Spectrophotometer (Thermo scientific, Willington, DE, USA) was used 

to measure the amount of oligonucleotides and their concentrations in the samples. Single or 

triplet optical absorbance (OD) measurements using 5 L droplets were taken at 260 nm for 

all eluates from SPE. DMT-on and DMT-off references were diluted a 100 times and 

measured in a cuvette at the same wavelength. The focus of the experiment lied in achieving a 

high purity. Therefore, Single-OD260 measurements (measuring the absorbance of a substance 

only once) were performed for most of the test runs. These single measurements have some 

error as it cannot be determined how precise they are. In references and tests run for sample 3, 

triple-OD measurements were consequently performed to achieve more accurate data. 

2.4.2 Anion exchange – High performance liquid chromatography 

The purity of all the samples was analyzed using an Alliance AIE-HPLC system (Waters, 

Milford, MA, USA) with a photodiode array (PDA) detector and EmPower software (Waters, 

Milford, MA, USA). With calculated concentrations from the spectrometric measurements, 

eluates with over 10 M concentration were diluted in Milli-Q water. The amount of sample 

in L needed to achieve a concentration of 8.75 M in a total volume of 120 L was 

calculated by dividing 1050 with its concentration.  

DMT-off and DMT-on reference samples were prepared from the synthesized 30mer samples 

to visually compare their purity and the recovery of the target oligonucleotide with the 

samples that had undergone SPE. This will show how many failure primers can be cleaned 

out of the sample. The reference samples were prepared by putting 0.5 mL each of the crude 

DMT-on material into a Corning PP-tube. The DMT-on sample was reconstituted in 1 mL 

ammonia while the DMT-off sample was dried on a Speed Vac, reconstituted in 1.2 mL 40% 

acetic acid and left for 30 min in room temperature. Finally, both samples were processed 

through a NAP-25 column (GE Healthcare) and the results were evaluated using both UV/Vis 

spectrophotometry and AIE-HPLC.  

2.4.3 Time-of-flight mass spectrometry 

Identification of target products was performed on an LCT Premier TOF MS (Waters, 

Milford, MA, USA) with an electrospray ionization (ESI) negative mode (accuracy +/- 3) and 

MassLynx software (Waters, Milford, MA, USA). In similarity to the AIE-HPLC, eluates 

were diluted in Milli-Q water in a total volume of 120 L. However, for the MS analysis, 

only eluates over 15 M in concentration were diluted. The amount of sample diluted up to a 

concentration of 12.5 M in 120 L was calculated by dividing 1500 with its concentration.  

MS-analysis was used to differentiate between DMT-on and DMT-off product. It was also 

used on final eluates to make sure the samples had been completely de-protected after SPE.  
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2.5 Calculations 

2.5.1 Optical absorbance calculations 

From the absorbance readings of the samples, the amount of oligonucleotides as well as their 

concentration in the solution was calculated according to these formulas: 

𝐴𝑚𝑜𝑢𝑛𝑡 (𝑖𝑛 𝜇𝑚𝑜𝑙) =
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 × 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑐𝑜𝑓𝑎𝑐𝑡𝑜𝑟 × 𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
 

𝑐 (𝑖𝑛 𝜇𝑀) =
𝐴𝑚𝑜𝑢𝑛𝑡 × 1000

𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒
 

2.5.2 Analysis calculations 

The purity is represented by the area of the signals obtained from the different components. 

The peak area percentage of the target eluate would therefore stand for its purity. The 

recovery was calculated by multiplying the amount of oligonucleotides in the eluate with the 

purity of the target sequence and then dividing this by the loaded amount of DMT-on: 

𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 (%) = (
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑙𝑖𝑔𝑜𝑛𝑢𝑐𝑙𝑒𝑜𝑡𝑖𝑑𝑒𝑠 ×  𝑡𝑎𝑟𝑔𝑒𝑡 𝑝𝑢𝑟𝑖𝑡𝑦

𝐴𝑚𝑜𝑢𝑛𝑡 𝐷𝑀𝑇𝑜𝑛 ×  𝐷𝑀𝑇𝑜𝑛 𝑝𝑢𝑟𝑖𝑡𝑦
) × 100% 
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3 Results 

Three 30mer samples were prepared and used in this study for comparison on the purity after 

applying different optimization experiments. Of these samples, DMT-on and DMT-off were 

prepared as references for chromatographic comparison after separation on a NAP-25 column. 

After this, their purity was analyzed by AIE-HPLC and the recovery of the DMT-off samples 

were calculated as these represent the eluted target products. This data is presented in Table 1 

below.  

Table 1: Purity and recovery values of DMT-on and DMT-off reference samples 1-3. 

Samples Purity (%) Recovery (%) 

Sample 1 DMT-on 50.7  

Sample 1 DMT-off 64.6 42.8 

Sample 2 DMT-on 65.1  

Sample 2 DMT-off 68.2 96.7 

Sample 3 DMT-on 71.2  

Sample 3 DMT-off 68.4 87.3 

 

3.1 Clarity QSP  

All tests using the Clarity QSP sorbent were only done with Sample 1. The methods with the 

best results in purity were all similar to each other (Table 2). These include the basic method, 

recommended by Phenomenex, as well as replacing the first wash, that is done after loading 

the sample onto the column, with 5% ACN/50% loading buffer and then with 20% NaCl/50% 

loading buffer.  

Table 2: Purity values, from the AIE-HPLC analysis, and recovery values, calculated from 

the purity and amount of oligonucleotides in the samples, are presented in this table. Values 

of all the tests done using Clarity QSP cartridges are shown. Three parameters were altered; 

sample load, % ACN in the first wash and % NaCl in the first wash. 

Parameters 

altered 

Method Sample 

load (L) 

Sample Purity (%) Recovery (%) 

Sample load Basic method*  600 1 68.8 127 

Basic method*  450 1 67.1 138 

Basic method*  300 1 65.7 132 

Wash 1:    
% ACN 

5% ACN/50% 
LB 

600 1 68.8 121 

7% ACN/50% 

LB 

600 1 65.9 114 

10% ACN/50% 

LB 

600 1 62.8 72.3 

Wash 1:    

% NaCl 

10% NaCl/50% 

LB 

600 1 67.1 118 

15% NaCl/50% 

LB 

600 1 67.4 132 

20% NaCl/50% 

LB 

600 1 67.9 136 

*Full method described in sample preparation below the Clarity QSP heading. 



 9 

All methods with the best results, the basic method with 600 L sample load, 5% ACN/50% 

loading buffer in wash 1 and 20% NaCl/50% loading buffer in wash 1, showed similar purity 

and recovery in a range of 67.9-68.8%. An example of an eluate, using 50% loading buffer as 

washing solvent, can be seen in Figure 2. The target sequence (DMT-off) can be seen eluting 

at 9.78 min. An earlier peak that is taking up 10% purity can also be seen on the 

chromatogram at 9.21 min.  

 

Figure 2: Chromatogram illustrating the purity analysis of the final eluate from the basic test 

method on Clarity QSP. Every peak in the chromatogram signifies an oligonucleotide 

product. Target sequence is eluted at 9.779 min. Impurity can be seen at 9.211 min. The basic 

method refers to the full method described in sample preparation below the Clarity QSP 

heading. 

MS-analyses were also performed on all samples to discern between DMT-on and DMT-off 

material and to make sure the eluate had been properly detritylated. DMT-on sequences have 

a molecular weight of 9508 and DMT-off has a molecular weight of 9205. The MS-analysis 

for the eluate of the basic method can be seen in Figure 3 below. All analyses after this, gave 

the same result. Only peaks for DMT-off can be seen in the diagram. No peaks to identify the 

unknown impurity, found on the purity analysis mentioned above, could be seen and so it 

remained unidentified. Hexafluoroisopropanol (HFIP) is a compound found in the mobile 

phase used for the MS-analysis. It has a molecular weight of 168 and can be seen forming 

adducts (compounds with HFIP attached to the target sequence) at peaks 9374, 9542 and 9710 

([M+(CF₃)₂CHOH], [M+ 2(CF₃)₂CHOH], [M+ 3(CF₃)₂CHOH] respectively). The small 

peaks at 9228 and 9396 are sodium adducts to the target oligonucleotide.  
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Figure 3: Spectrum of the MS-analysis of the final eluate of the basic test method on Clarity 

QSP. DMT-off can be seen at peak 9206 and the following peaks represent DMT-off adducts. 

Higher concentrations of ACN in wash 1 (7% ACN/50% LB and 10% ACN/50% LB) was 

also tested. However, these eluted not only impurities, but also DMT-on product seen at 

retention time 11.2 in Figure 4a and 11.1 in Figure 4b. The purities of the final eluates, 65.9% 

and 62.8% respectively, were also lower than the basic method. These methods were therefore 

disregarded. 

 

Figure 4a: Chromatogram illustrating the purity analysis of the first wash fraction eluate 

from the method on Clarity QSP containing 7% ACN/50% LB in wash 1. Every peak in the 

chromatogram signifies an oligonucleotide product. DMT-on target is eluted at 11.199 min.  
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Figure 4b: Chromatogram illustrating the purity analysis of the first wash fraction eluate 

from the method on Clarity QSP containing 10% ACN/50% LB in wash 1. Every peak in the 

chromatogram signifies an oligonucleotide product. DMT-on target is eluted at 11.069 min. 

Replacing wash 1 with 10% NaCl/50% loading buffer and 15% NaCl/50% loading buffer 

gave very similar results to the one with 20% NaCl/50% loading buffer. Insignificant amounts 

of impurities were eluted in the first wash and the purity of the final eluate differed only with 

a few decimals. Lowering the sample load to 300 and 450 L was also investigated. However, 

these also gave similar results to the basic method with the purity of the final eluate falling, 

only slightly lower, at 65.7% and 67.1% respectively.  

3.2 Glen-Pak 

The basic method done on the Glen-Pak cartridges achieved similar purity (68.9%) to the one 

run on Clarity QSP. A total of 80.3% of the target product in the final eluate was recovered. 

The purities reached on the Glen-Pak tests are displayed as bar charts in Figures 5a-5e. A 

more detailed summary of the different tests run on Glen-Pak can be seen in Table 3. 

 

Figure 5: Purity of final eluates on Glen-Pak displayed as bar charts. 5a) Purity of final eluates fromasic 

method with altered sample load volumes (mL). 5b) Purity of final eluates with altered concentration of sodium 

chloride in the salt wash (M). 5c) Purity of final eluates with different concentrations of sodium perchlorate in 

the salt wash. 5d) Purity of final eluates with different percentage of ACN in the second wash. 5e) Purity of final 

eluates with different percentage of ammonia in the first wash. 
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Table 3: Purity values, from the AIE-HPLC analysis, and recovery values, calculated from 

the purity and amount of oligonucleotides in the samples, are presented in this table. Values 

of all the tests done using Glen-Pak cartridges is shown. Four parameters were altered; 

sample load, NaCl concentration in the first wash, NaClO4 concentration in the first wash 

and % ACN in the second wash. Combinations of the best altered parameters were also 

performed. 

Parameters 

altered 

Wash 1 Sample load 

(mL) 

Sample Purity 

(%) 

Recovery 

(%) 
Sample load 

 

Basic* 2.00 1 68.9 80.3 

Basic*  1.50 1 65.9 136 

Basic*  1.00 1 67.1 140 

Wash 1: NaCl 

concentration 

5% ACN in 1.7 M NaCl 

x2 

2.00 

 

1 68.7 50.5 

5% ACN in 2 M NaCl 2.00 

 

1 72.1 54.7 

5% ACN in 2 M NaCl x2 2.00 

 

1 72.6 56.9 

5% ACN in 2 M NaCl x2 2.00 

 

2 77.9 132 

Wash 1: 

NaClO4 

concentration 

5% ACN in 0.5 M 

NaClO4 

2.00 1 61.3 73 

5% ACN in 1 M NaClO4 2.00 1 63.3 90.1 

5% ACN in 1.5 M 

NaClO4 

2.00 1 67.0 113 

Wash 2:           

% ACN 

1% ACN 2.00 1 69.1 52.0 

1% ACN x2 2.00 1 67.4 67.4 

2% ACN 2.00 1 70.0 68.0 

2% ACN x2 2.00 1 69.0 55.0 

3% ACN 2.00 1 68.5 57.4 

5% ACN 2.00 1 63.7 58.2 

Combination 

Wash 1:            

2 M NaCl          

Wash 2:           

2% ACN 

5% ACN in 2 M NaCl x2 2.00 2 78.8 132 

Combinations 

Wash 1: NH3 

concentrations 

Wash 2:           

2% ACN 

Last test wash 

2: 1% ACN x2 

5% ACN/10% NH3 in      

2 M NaCl x2 

2.00 3 77.9 116 

5% ACN/20% NH3 in      

2 M NaCl x2 

2.00 3 78.5 118 

5% ACN/30% NH3 in      
2 M NaCl x2 

2.00 3 77.7 119 

5% ACN/40% NH3 in      

2 M NaCl x2 

2.00 3 77.7 116 

5% ACN/50% NH3 in      

2 M NaCl x2 

2.00 3 77.0 105 

5% ACN/20% NH3 in      

2 M NaCl x2 

2.00 3 78.4 118 

*Full method described in sample preparation below the Glen-Pak heading. 
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The chromatogram produced for the basic method from the purity analysis as well as the 

spectrum from the MS-analysis can be seen in Figures 6 and 7 below. In similarity to Clarity 

QSP, all final eluates for the Glen-Pak methods contained only DMT-off oligonucleotides 

with the peak showing at a mass-to-charge ratio (m/z) of 9206. Adducts with HFIP could once 

again be seen at peaks 9374, 9542 and 9710 ([M+(CF₃)₂CHOH], [M+ 2(CF₃)₂CHOH], [M+ 

3(CF₃)₂CHOH] respectively) and Na+ at 9228, 9396 and 9564. 

 

Figure 6: Chromatogram of Sample 1 illustrating the purity analysis of the final eluate from 

the basic test method on Glen-Pak. Every peak in the chromatogram signifies an 

oligonucleotide product. Target sequence is eluted at 9.776 min. Impurity can be seen at 

9.210 min. The basic method refers to the full method described in sample preparation below 

the Glen-Pak heading. 

 

Figure 7: Spectrum of the MS-analysis of the final eluate of the basic test method on Clarity 

QSP. DMT-off can be seen at peak 9206 and the following peaks represent DMT-off adducts. 
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Different concentrations of salts were tested on wash 1 of the basic method for Glen-Pak. The 

best results came from washing the column twice with 5% ACN in 2 M NaCl after loading 

the sample. With Sample 1 a purity of 72.6% and a recovery of 56.9% for the final eluate was 

achieved (Table 3). The same method was tested with a new synthesized 30mer sample 

(Sample 2) and the target sequence was eluted with a purity of 77.9% and a recovery of 

132%. Sample 2 did also not contain the unknown peak that could be seen in Sample 1 

(Figure 8). 

 

Figure 8: Chromatogram of Sample 2 illustrating the purity analysis of the final eluate from 

the method on Glen-Pak containing 5% ACN in 2 M NaCl x2 in wash 1. Every peak in the 

chromatogram signifies an oligonucleotide product. Target sequence is eluted at 9.267 min.  

Another test was run to see if the unknown peak in sample 1 could have been caused by a 

contaminated diluting buffer for HPLC. However, after defrosting the earlier mentioned 

eluate with a purity of 72.6% and diluting it with a new Milli-Q water buffer before analysis 

on AIE-HPLC, the unknown peak at 8.96 min could still be seen (Figure 9). 
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Figure 9: Chromatogram of Sample 1 illustrating the purity analysis of the final eluate, 

diluted using a fresh buffer, from the method on Glen-Pak containing 5% ACN in 2 M NaCl 

x2 in wash 1. Every peak in the chromatogram signifies an oligonucleotide product. Target 

sequence is eluted at 9.477 min. Impurity can be seen at 8.964 min.  

A different salt was investigated for wash 1 as well. Concentrations of 5% ACN in 0.50 M, 

1.00 M and 1.50 M NaClO4 were tested. This salt proved, nonetheless, to be too strong as it 

eluted DMT-on product at 11.1-11.2 min. This can be seen in Figures 10a and 10b below. 

 

Figure 10a: Chromatogram of Sample 1 illustrating the purity analysis of the first wash 

fraction eluate from the method on Glen-Pak containing 5% ACN in 0.50 M NaClO4 in wash 

1. Every peak in the chromatogram signifies an oligonucleotide product.  DMT-on is eluted at 

11.124 min.  
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Figure 10b: Chromatogram of Sample 1 illustrating the purity analysis of the first wash 

fraction eluate from the method on Glen-Pak containing 5% ACN in 1.50 M NaClO4 in wash 

1. Every peak in the chromatogram signifies an oligonucleotide product. DMT-on is eluted at 

11.291 min.  

The second wash was also altered by adding different amounts of ACN into it. The best result 

achieved was when washing twice with 1% ACN after detritylation (Figure 11). The final 

eluate (using sample 1) of this test achieved a purity and recovery percentage of 67.4%. Two 

percent ACN and above began eluting the target sequence which can be seen in Figure 12 

below at a retention time of 10.6 min. They also started dissolving some of the bed sorbent. 

Hence, only low ACN concentrations in wash 2 proved to be useful. 

 

Figure 11: Chromatogram of Sample 1 illustrating the purity analysis of the second wash 

fraction eluate from the method on Glen-Pak containing 1% ACN x2 in wash 2. Every peak in 

the chromatogram signifies an oligonucleotide product.  
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Figure 12: Chromatogram of Sample 3 illustrating the purity analysis of the second wash 

fraction eluate from the method on Glen-Pak containing 2% ACN in wash 2. Every peak in 

the chromatogram signifies an oligonucleotide product. DMT-off target sequence is eluted at 

10.576 min.  

After optimization of wash 1 and wash 2, combinations of the best methods run were tested. 

A double wash of 5% ACN in 2 M NaCl for wash 1 and a single wash of 2% ACN in wash 2 

was run using Sample 2. Ammonia was also added into wash 1, at amounts ranging between 

10-50%, to see if higher pH would help elute impurities. Using Sample 3, a double wash of 

5% ACN/20% NH3 in 2 M NaCl for wash 1 and 2% ACN in wash 2 (single wash) was tried 

as well as a double wash of 5% ACN/20% NH3 in 2 M NaCl for wash 1 and 1% ACN in wash 

2. Their purity and recovery values can be seen in Table 3 above. 

Twenty percent ammonia in wash 1 had the greatest final purity out of the other 

concentrations and eluted only insignificant amounts of DMT-on product (Figure 13). Ten 

percent ammonia did not elute as many impurities, so it was discarded. Thirty percent 

ammonia and above in wash 1 eluted large amounts of DMT-on product on a proportional 

scale (see Figure 14).  

 

Figure 13: Chromatogram of Sample 3 illustrating the purity analysis of the first wash 

fraction eluate from the method on Glen-Pak containing a double wash of 5% ACN/20% NH3 

in 2 M NaCl in wash 1. Every peak in the chromatogram signifies an oligonucleotide product. 

DMT-on is eluted at 12.443 min.  
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Figure 14: Chromatogram of Sample 3 illustrating the purity analysis of the first wash 

fraction from the method on Glen-Pak containing a double wash of 5% ACN/30% NH3 in 2 M 

NaCl in wash 1. Every peak in the chromatogram signifies an oligonucleotide product. DMT-

on is eluted at 12.567 min.  

Other alterations with insignificant results were also performed. The volume of 2 M TEAA 

used when conditioning the column was raised to 3 mL, however, the purity analysis looked 

similar to what had been done before and was not improved. The basic method was also used 

with lower sample load, like for Clarity QSP, at 1.00 mL and 1.50 mL. Results from these 

experiments were also very similar to the basic method and had slightly lower purity at 67.1% 

and 65.9%, respectively. Thicker and shorter Glen-Pak cartridges with the same synthesis 

scale were also tested but did not differ much from the other columns used. As the bed 

sorbent was shorter and wider, having 2% ACN in wash 2 was much stronger and eluted more 

DMT-on product. The unknown peak that was found in Sample 1 was once again found in 

Sample 3 but at a slightly lower percentage of 4-5% in the final eluate.  
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4 Discussion  

Two different cartridges were tested in this study for optimizing the purification of short 

sequence oligonucleotides. The first one was Clarity QSP (Phenomenex), which even after 

altering the washing solution a few times, did not show much improvement in purification (at 

most 68.8%). The second one was Glen-Pak (Glen Research), that proved to be a bit more 

successful, reaching a maximum purity of 78.8% reached.  

4.1 Analysis  

The Clarity QSP cartridges turned out to be very difficult to optimize for improved purity of 

target oligonucleotides. Too strong washing solutions would elute DMT-on product and the 

weaker ones only worked as well as the basic method illustrated in Figures 4a and b, and 

Table 2. The highest purity reached when using the basic method was 68.8%. This did not 

differ a lot from the purity of the DMT-off reference sample, which was only slightly lower at 

64.6% purity. If a test was run with a sample that did not contain the unknown compound, its 

final purity would most likely increase to approximately 74-75% since this is what happened 

to the Glen-Pak tests when using Sample 2 (Table 3). This has, on the other hand, still a long 

way to go to reach a purity above 90%, that previously has been observed by Scott (2008). 

The Glen-Pak cartridges were slightly easier to optimize as stronger washing solutions could 

be used with these columns without eluting the target sequence. The most efficient altered 

parameter was a double wash of either 5% ACN in 2 M NaCl or 5% ACN/20% NH3 in 2 M 

NaCl for wash 1 and 1% ACN for wash 2. A purity of 78.8% was reached at most using these 

solutions (Table 3). For further improvement, the synthesis method could be revised. Perhaps 

other cartridge sizes or sequence lengths of oligonucleotides could be experimented with. 

Glen Research also have reports on purities above 90% [Glen Research (2018)]. This should 

therefore be possible to reach. 

4.2 Possible errors 

The largest error discovered in the purification process was the existence of an unknown peak 

in Samples 1 and 3. In Sample 1, it took up approximately 10% of the final eluate while it 

took up around 5% of the eluate in Sample 3. This decreased the purity of the final product 

which could be seen when retesting a double wash of 5% ACN in 2 M NaCl in wash 1 using 

Sample 2 (Figure 8). When applying this method to Sample 1, the target in the final eluate 

achieved a purity of 72.6%. However, when doing it with Sample 2, where the unknown peak 

was not visible, the target purity immediately increased to 77.9%.  

This proves that there, most likely, is a synthesis problem that is causing the unknown peak to 

appear. Since it was so difficult to remove, the compound probably carries a DMT-on group. 

This would cause it to not appear until after detritylation, when the DMT is separated from 

the sequences. After this step, it is difficult to further clean the sample as using even weak 

washing solutions could elute the target oligonucleotide. This could be seen when 

experimenting with wash 2 on Glen-Pak. The best washing solution was using 1% ACN and 

wash the cartridge twice with it (Figure 11). Using 2% ACN or more would effectively start 

to elute the target (Figure 12). It also began dissolving the bed sorbent, the higher percentage 

of ACN that was used, making it an unfavorable choice for this process.  
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The peak could unfortunately not be seen or identified with the MS-analyses and at first, it 

was believed to be a problem caused by the HPLC dilution buffer as it was found to be 

contaminated. However, a new test was taken with a new buffer using an eluate that had been 

run on the purity analysis before and the peak could still be seen (Figure 9). 

The hypothesis of a synthesis problem is further strengthened by the chromatograms of the 

final eluates, for example, Figures 1 and 6. There are many impurities that can be seen 

stacked up extremely close to the retention time of the target sequence. This means that they 

have a very similar length to the target sequence or could have had a DMT-on group attached 

to them. Both reasons make them difficult to properly wash away as that would mean also 

removing the compound of interest. 

Some of the recovery values obtained had numbers above 100%. The reason for this could be 

the deviation in the single OD-measurements taken. Since the focus of the experiment was on 

improving the purity before the recovery percentage, this is not a big error at the current stage. 

In order to achieve better recovery data, triple OD-measurements could be taken in order to 

improve precision and accuracy. 

4.3 Future recommendations 

The initial goal set for the purification results was to reach a purity of 80-85% after a month’s 

investigation. This was almost achieved as a purity of 78.8% was reached with the Glen-Pak 

sorbent. For this purification method to, however, be used at the company and compete with 

standard chromatographic purification, a purity of at least 90% should be reached. More 

parameters affecting the SPE purification steps can be altered and tested in order to further 

optimize the purification of the oligonucleotides. Such parameters could be the conditioning 

solvent as well as the salt wash solutions. Different lengths of oligonucleotides and how it 

affects the purification results is another interesting factor. According to Glen Research 

(2018), their cartridges should, however, be suitable for any sequence length up to 150mer 

[Glen research (2018)]. Once high enough purity has been achieved, focus can be put on 

increasing the recovery scale by for example altering the pH of solutions and composition of 

the eluting buffer.  

Performing an accurate synthesis method for the oligonucleotides with minimal errors is also 

important. Perhaps, there is a need to alter the synthesis in order to avoid many failures 

elongating into full length sequences with the DMT-on group attached to them. Since this 

problem would make it close to impossible to clean up those fragments with only SPE. 

If further improvement is done following this research and a satisfying purity is achieved, the 

SPE individual cartridges could be extended to 96-well plates in order to shorten the 

purification time and allow larger number of samples to be purified at once. This would lead 

to an efficient and fast-paced method compared to the current popular liquid chromatography. 

According to Phenomenex (2013) and Glen Research (2018), the purification method on 

cartridges is transferable to 96-well plates. Only smaller loading doses need to be used. 

Semenyuk et al. (2006) used 96-well plates for SPE and stated that purification of one plate 

with 96 samples took approximately 45 min. Gilar and Bouvier (2000) also used 96-well 

plates to purify trityl-on oligonucleotides through RP-SPE. Compared to the Clarity QSP and 
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Glen-Pak sorbents used in this study, they used 30 mg Oasis HLB plates (Waters) and 

achieved purities ranging between 90 and 95%. Just like Semenyuk et al. (2006), they showed 

that purification of samples on one 96-well plate took 30-45 min with gravity flow. However, 

if a vacuum manifold was used, the purification time was shortened to as much as 5-10 min. 

This proves that 96-well plates can be used for mass scale production, something that 

purification using HPLC cannot provide. 
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5 Conclusion 

To conclude, the Clarity QSP cartridges achieved a peak purity of 68.8% and the Glen-Pak 

cartridges highest purification reached 78.8%. It was found to be easier to alter the parameters 

of the Glen-Pak cartridges than the Clarity QSP as it could handle stronger washing solutions. 

The initial goal set, of reaching 80% purity, was almost achieved with Glen-Pak. However, 

for this purification method to be industrially useful in the fields of biochemical analysis and 

diagnostics as well as at SGS DNA, where this investigation was performed, it has to be 

further optimized to a purity of at least 90%. Therefore, the research done in this investigation 

will be used and continued at the company to attain such results.   
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Appendix 

Table A1: Absorbance measurements of the starting and reference materials. 

Table A2: Absorbance measurements of the tests run on Clarity QSP cartridges using sample 

1. Basic instructions from Phenomenex were followed and alterations on wash 1 as well as 

different volume of sample load were done. 

Table A3: Absorbance measurements of the tests run on Glen-Pak cartridges using sample 1. 

Basic instructions from Glen Research were followed and alterations on wash 1 and wash 2 

(different concentrations of ACN) as well as different volume of sample load were done. 

Table A4: Absorbance measurements of the tests run on Glen-Pak cartridges using sample 2. 

Alterations on wash 1 as well as different combinations of changes done to wash 1 and wash 

2 were tried. 

Table A5: Absorbance measurements of the tests run on Glen-Pak cartridges using sample 3. 

Alterations on wash 1 as well as different combinations of changes done on wash 1 and wash 

2 were tried. 
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Table A1: Absorbance measurements of the starting and reference materials. 

Sample Absorbance Absorbance 

coefficient 

Dilution 

factor 

Sample 

volume 

(mL) 

Amount 

(mol) 

Concentration 

(M) 

1-DMT 

(NH3) 
0.678 304.9 100 33.68 7.4894 222.4 

1-DMT-

ON 
0.768 304.9 50 1.80 0.2267 125.9 

1-DMT-

OFF 
0.258 304.9 50 1.80 0.0762 42.3 

2-DMT 

(NH3) 0.513 
304.9 100 

8.00 
1.3460 168.3 

2-DMT-

ON 0.802 
304.9 10 

1.80 
0.0473 26.3 

2-DMT-

OFF 0.740 
304.9 10 

1.80 
0.0437 24.3 

3-DMT 

(NH3) 0.541 
304.9 100 

10.0 
1.7744 177.4 

3-DMT-

ON 0.943 
304.9 10 

1.80 
0.0557 30.9 

3-DMT-

OFF 0.857 
304.9 10 

1.80 
0.0506 28.1 

 

Table A2: Absorbance measurements of the tests run on Clarity QSP cartridges using sample 

1. Basic instructions from Phenomenex were followed and alterations on wash 1 as well as 

different volume of sample load were done. 

Method Test 

sample 

Absorbance Absorbance 

coefficient 

Dilution 

factor 

Sample 

volume 

(mL) 

Amount 

(mol) 

Concentration 

(M) 

basic loading 0.469 304.9 10 0.60 0.0092 15.4 

basic wash 1 0.112 304.9 10 1.00 0.0037 3.7 

basic DCA 0.018 304.9 10 1.00 0.0006 0.6 

basic wash 2 0.019 304.9 10 1.00 0.0006 0.6 

basic wash 3 0.008 304.9 10 1.00 0.0003 0.3 

basic eluate 1 1.908 304.9 10 1.00 0.0626 62.6 

basic eluate 2 0.013 304.9 10 1.00 0.0004 0.4 

5%ACN loading 0.456 304.9 10 0.60 0.0090 15.0 

5%ACN wash 1 0.165 304.9 10 1.00 0.0054 5.4 

5%ACN DCA 0.026 304.9 10 1.00 0.0009 0.9 

5%ACN wash 2 0.028 304.9 10 1.00 0.0009 0.9 

5%ACN wash 3 0.012 304.9 10 1.00 0.0004 0.4 

5%ACN eluate 1 1.816 304.9 10 1.00 0.0596 59.6 

5%ACN eluate 2 0.031 304.9 10 1.00 0.0010 1.0 

10%NaCl loading 0.508 304.9 10 0.60 0.0100 16.7 

10%NaCl wash 1 0.099 304.9 10 1.00 0.0032 3.2 

10%NaCl DCA 0.024 304.9 10 1.00 0.0008 0.8 

10%NaCl wash 2 0.015 304.9 10 2.00 0.0010 0.5 

10%NaCl eluate 1.205 304.9 10 1.50 0.0593 39.5 

15%NaCl loading 0.462 304.9 10 0.60 0.0091 15.2 

15%NaCl wash 1 0.094 304.9 10 1.00 0.0031 3.1 

15%NaCl DCA 0.017 304.9 10 1.00 0.0006 0.6 

15%NaCl wash 2 0.014 304.9 10 2.00 0.0009 0.5 

15%NaCl eluate 1.351 304.9 10 1.50 0.0665 44.3 

20%NaCl loading 0.520 304.9 10 0.60 0.0102 17.1 



 26 

20%NaCl wash 1 0.108 304.9 10 1.00 0.0035 3.5 

20%NaCl DCA 0.015 304.9 10 1.00 0.0005 0.5 

20%NaCl wash 2 0.016 304.9 10 2.00 0.0010 0.5 

20%NaCl eluate 1.378 304.9 10 1.50 0.0678 45.2 

7% ACN loading 0.548 304.9 10 0.60 0.0108 18.0 

7% ACN wash 1 0.289 304.9 10 1.00 0.0095 9.5 

7% ACN DCA 0.056 304.9 10 1.00 0.0018 1.8 

7% ACN wash 2 0.015 304.9 10 2.00 0.0010 0.5 

7% ACN eluate 1.189 304.9 10 1.50 0.0585 39.0 

10% 

ACN 

loading 

0.488 
304.9 10 

0.60 
0.0096 16.0 

10% 

ACN 

wash 1 

0.893 
304.9 10 

1.00 
0.0293 29.3 

10% 

ACN 

DCA 

0.149 
304.9 10 

1.00 
0.0049 4.9 

10% 

ACN 

wash 2 

0.014 
304.9 10 

2.00 
0.0009 0.5 

10% 

ACN 

eluate 

0.793 
304.9 10 

1.50 
0.0390 26.0 

Basic -

300 L 

sample 

load 

loading 

0.260 

304.9 10 

0.30 

0.0026 8.5 

Basic -

300 L 

sample 

load 

wash 1 

0.104 

304.9 10 

1.00 

0.0034 3.4 

Basic -

300 L 

sample 

load 

DCA 

0.008 

304.9 10 

1.00 

0.0003 0.3 

Basic -

300 L 

sample 

load 

wash 2 

0.008 

304.9 10 

2.00 

0.0005 0.3 

Basic -

300 L 

sample 

load 

eluate 

0.696 

304.9 10 

1.50 

0.0342 22.8 

Basic -

450 L 

sample 

load 

loading 

0.443 

304.9 10 

0.45 

0.0065 14.5 

Basic -

450 L 

sample 

load 

wash 1 

0.112 

304.9 10 

1.00 

0.0037 3.7 

Basic -

450 L 

sample 

load 

DCA 

0.007 

304.9 10 

1.00 

0.0002 0.2 

Basic - 

450 L 

sample 

load 

wash 2 

0.001 

304.9 10 

2.00 

0.0001 0.0 

Basic -

450 L 

sample 

load 

eluate 

1.066 

304.9 10 

1.50 

0.0524 35.0 
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Table A3: Absorbance measurements of the tests run on Glen-Pak cartridges using sample 1. 

Basic instructions from Glen Research were followed and alterations on wash 1 and wash 2 

(different concentrations of ACN) as well as different volume of sample load were done. 

Method Test 

sample 

Absorbance Absorbance 

coefficient 

Dilution 

factor 

Sample 

volume 

(mL) 

Amount 

(mol) 

Concentration 

(M) 

basic  loading 0.643 304.9 10 2.00 0.0422 21.1 

basic salt wash 0.132 304.9 10 2.00 0.0087 4.3 

basic TFA 0.022 304.9 10 2.00 0.0014 0.7 

basic wash 2 0.009 304.9 10 2.00 0.0006 0.3 

basic eluate 1 2.007 304.9 10 2.00 0.1316 65.8 

basic eluate 2 0.067 304.9 10 2.00 0.0044 2.2 

1%ACN 
loading+w

ash 
0.388 304.9 10 4.00 0.0509 12.7 

1%ACN TFA 0.026 304.9 10 2.00 0.0017 0.9 

1%ACN wash 2 0.021 304.9 10 2.00 0.0014 0.7 

1%ACN eluate 1.728 304.9 10 1.50 0.0850 56.7 

3%ACN 
loading+w

ash 
0.415 304.9 10 4.00 0.0544 13.6 

3%ACN TFA 0.025 304.9 10 2.00 0.0016 0.8 

3%ACN wash 2 0.103 304.9 10 2.00 0.0068 3.4 

3%ACN eluate 1.923 304.9 10 1.50 0.0946 63.1 

5%ACN 
loading+w

ash 
0.401 304.9 10 4.00 0.0526 13.2 

5%ACN TFA 0.025 304.9 10 2.00 0.0016 0.8 

5%ACN wash 2 0.201 304.9 10 2.00 0.0132 6.6 

5%ACN eluate 2.094 304.9 10 1.50 0.1030 68.7 

2%ACN loading 0.558 304.9 10 2.00 0.0366 18.3 

2%ACN salt wash 0.183 304.9 10 2.00 0.0120 6.0 

2%ACN TFA 0.025 304.9 10 2.00 0.0016 0.8 

2%ACN wash 2 0.025 304.9 10 2.00 0.0016 0.8 

2%ACN eluate 2.236 304.9 10 1.50 0.1100 73.3 

1%ACN 

x2 

loading 
0.605 304.9 10 2.00 0.0397 19.8 

1%ACN 

x2 

salt wash 
0.191 304.9 10 2.00 0.0125 6.3 

1%ACN 

x2 

TFA 
0.022 304.9 10 2.00 0.0014 0.7 

1%ACN 

x2 

wash 2 
0.015 304.9 10 4.00 0.0020 0.5 

1%ACN 

x2 

eluate 
2.292 304.9 10 1.50 0.1128 75.2 

2%ACN 

x2 

loading 
0.644 304.9 10 2.00 0.0422 21.1 

2%ACN 

x2 

salt wash 
0.197 304.9 10 2.00 0.0129 6.5 

2%ACN 

x2 

TFA 
0.028 304.9 10 2.00 0.0018 0.9 

2%ACN 

x2 

wash 2 
0.077 304.9 10 4.00 0.0101 2.5 

2%ACN 

x2 

eluate 
1.831 304.9 10 1.50 0.0901 60.1 

2M 

NaCl 

loading 
0.648 304.9 10 2.00 0.0425 21.3 

2M 

NaCl 

salt wash 
0.191 304.9 10 2.00 0.0125 6.3 
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2M 

NaCl 

TFA 
0.020 304.9 10 2.00 0.0013 0.7 

2M 

NaCl 

wash 2 
-0.008 304.9 10 2.00 -0.0005 -0.3 

2M 

NaCl 

eluate 
1.739 304.9 10 1.50 0.0856 57.0 

2M 

NaCl x2 

loading 
0.654 304.9 10 2.00 0.0429 21.4 

2M 

NaCl x2 

salt wash 
0.106 304.9 10 4.00 0.0139 3.5 

2M 

NaCl x2 

TFA 
-0.003 304.9 10 2.00 -0.0002 -0.1 

2M 

NaCl x2 

wash 2 
-0.008 304.9 10 2.00 -0.0005 -0.3 

2M 

NaCl x2 

eluate 
1.796 304.9 10 1.50 0.0884 58.9 

1.7M 

NaCl x2 

loading 
0.650 304.9 10 2.00 0.0426 21.3 

1.7M 

NaCl x2 

salt wash 
0.102 304.9 10 4.00 0.0134 3.3 

1.7M 

NaCl x2 

TFA 
-0.005 304.9 10 2.00 -0.0003 -0.2 

1.7M 

NaCl x2 

wash 2 
0 304.9 10 2.00 0.0000 0.0 

1.7M 

NaCl x2 

eluate 
1.688 304.9 10 1.50 0.0830 55.4 

0.5M 

NaClO4 

loading 
0.647 304.9 10 2.00 0.0424 21.2 

0.5M 

NaClO4 

salt wash 
1.611 304.9 10 2.00 0.1057 52.8 

0.5M 

NaClO4 

TFA 
0.068 304.9 10 2.00 0.0045 2.2 

0.5M 

NaClO4 

wash 2 
0.003 304.9 10 2.00 0.0002 0.1 

0.5M 

NaClO4 

eluate 
1.361 304.9 10 3.00 0.1339 44.6 

1M 

NaClO4 

loading 
0.661 304.9 10 2.00 0.0434 21.7 

1M 

NaClO4 

salt wash 
1.181 304.9 10 2.00 0.0775 38.7 

1M 

NaClO4 

TFA 
0.090 304.9 10 2.00 0.0059 3.0 

1M 

NaClO4 

wash 2 
0.010 304.9 10 2.00 0.0007 0.3 

1M 

NaClO4 

eluate 
1.633 304.9 10 3.00 0.1607 53.6 

1.5M 

NaClO4 

loading 
0.653 304.9 10 2.00 0.0428 21.4 

1.5M 

NaClO4 

salt wash 
0.618 304.9 10 2.00 0.0405 20.3 

1.5M 

NaClO4 

TFA 
0.073 304.9 10 2.00 0.0048 2.4 

1.5M 

NaClO4 

wash 2 
0.009 304.9 10 2.00 0.0006 0.3 

1.5M 

NaClO4 

eluate 
1.927 304.9 10 3.00 0.1896 63.2 

Basic 1 

mL 

loading 

0.484 
304.9 10 

1.00 
0.0159 15.9 
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Basic 1 

mL 

salt wash 

0.178 
304.9 10 

2.00 
0.0117 5.8 

Basic 1 

mL 

TFA 

0.017 
304.9 10 

2.00 
0.0011 0.6 

Basic 1 

mL 

wash 2 

0.006 
304.9 10 

3.00 
0.0006 0.2 

Basic 1 

mL 

eluate 

1.195 
304.9 10 

3.00 
0.1176 39.2 

Basic 1.5 

mL 

loading 

0.590 
304.9 10 

1.50 
0.0290 19.4 

Basic 1.5 

mL 

salt wash 

0.203 
304.9 10 

2.00 
0.0133 6.7 

Basic 1.5 

mL 

TFA 

0.025 
304.9 10 

2.00 
0.0016 0.8 

Basic 1.5 

mL 

wash 2 

0.008 
304.9 10 

3.00 
0.0008 0.3 

Basic 1.5 

mL 

eluate 

1.769 
304.9 10 

3.00 
0.1741 58.0 

2M 

NaCl x2 

2%ACN 

loading 

0.630 

304.9 10 

2.00 

0.0413 20.7 

2M 

NaCl x2 

2%ACN 

salt wash 

0.204 

304.9 10 

2.00 

0.0134 6.7 

2M 

NaCl x2 

2%ACN 

TFA 

0.038 

304.9 10 

2.00 

0.0025 1.2 

2M 

NaCl x2 

2%ACN 

wash 2 

0.036 

304.9 10 

2.00 

0.0024 1.2 

2M 

NaCl x2 

2%ACN 

eluate 

2.057 

304.9 10 

3.00 

0.2024 67.5 
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Table A4: Absorbance measurements of the tests run on Glen-Pak cartridges using sample 2. 

Alterations on wash 1 as well as different combinations of changes done to wash 1 and wash 

2 were tried. 

Method Test 

sample 

Absorbance Absorbance 

coefficient 

Dilution 

factor 

Sample 

volume 

(mL) 

Amount 

(mol) 

Concentration 

(M) 

2M NaCl x2 loading 0.367 304.9 10 2.00 0.0241 12.0 

2M NaCl x2 
salt 

wash 0.081 
304.9 10 

4.00 
0.0106 2.7 

2M NaCl x2 TFA 0.007 304.9 10 2.00 0.0005 0.2 

2M NaCl x2 wash 2 0.009 304.9 10 2.00 0.0006 0.3 

2M NaCl x2 eluate 1.890 304.9 10 3.00 0.1860 62.0 

Combination 

1* 

loading 0.378 304.9 10 2.00 0.0248 12.4 

salt 

wash 0.08 
304.9 10 

4.00 
0.0105 2.6 

TFA 0.007 304.9 10 2.00 0.0005 0.2 

wash 2 0.024 304.9 10 2.00 0.0016 0.8 

eluate 1.871 304.9 10 3.00 0.1841 61.4 

Combination 

2** 

loading 0.409 304.9 10 2.00 0.0268 13.4 

salt 

wash 0.083 
304.9 10 

4.00 
0.0109 2.7 

TFA 0.009 304.9 10 2.00 0.0006 0.3 

wash 2 0.005 304.9 10 2.00 0.0003 0.2 

eluate 1.9502 304.9 10 3.00 0.1919 64.0 

Combination 

3*** 

loading 0.401 304.9 10 2.00 0.0263 13.2 

salt 

wash 0.090 
304.9 10 

4.00 
0.0118 3.0 

TFA 0.007 304.9 10 2.00 0.0005 0.2 

wash 2 0.103 304.9 10 2.00 0.0068 3.4 

eluate 1.905 304.9 10 3.00 0.1874 62.5 

* Wash 1: 5% ACN in 2 M NaCl x2, Wash 2: 2%ACN 

** Thicker columns, Wash 1: 5% ACN in 2 M NaCl x2 

*** Thicker columns, Wash 1: 5% ACN in 2 M NaCl x2, Wash 2: 2%ACN 

 

 

 

 

 

 

 

 

 



 31 

Table A5: Absorbance measurements of the tests run on Glen-Pak cartridges using sample 3. 

Alterations on wash 1 as well as different combinations of changes done on wash 1 and wash 

2 were tried. 

Method Test 

sample 

Absorbance Absorbance 

coefficient 

Dilution 

factor 

Sample 

volume 

(mL) 

Amount 

(mol) 

Concentration 

(M) 

10% NH3 loading 0.416 304.9 10 2.00 0.0273 13.6 

10% NH3 
salt 

wash 0.101 
304.9 10 

4.00 
0.0133 3.3 

10% NH3 TFA 0.024 304.9 10 2.00 0.0016 0.8 

10% NH3 wash 2 0.055 304.9 10 2.00 0.0036 1.8 

10% NH3 eluate 1.910 304.9 10 3.00 0.1879 62.6 

20% NH3 loading 0.405 304.9 10 2.00 0.0266 13.3 

20% NH3 
salt 

wash 0.097 
304.9 10 

4.00 
0.0127 3.2 

20% NH3 TFA 0.022 304.9 10 2.00 0.0014 0.7 

20% NH3 wash 2 0.056 304.9 10 2.00 0.0037 1.8 

20% NH3 eluate 1.934 304.9 10 3.00 0.1903 63.4 

30% NH3 loading 0.396 304.9 10 2.00 0.0260 13.0 

30% NH3 
salt 

wash 0.145 
304.9 10 

4.00 
0.0190 4.8 

30% NH3 TFA 0.017 304.9 10 2.00 0.0011 0.6 

30% NH3 wash 2 0.079 304.9 10 2.00 0.0052 2.6 

30% NH3 eluate 1.962 304.9 10 3.00 0.1930 64.3 

40% NH3 loading 0.401 304.9 10 2.00 0.0263 13.2 

40% NH3 
salt 

wash 0.166 
304.9 10 

4.00 
0.0218 5.4 

40% NH3 TFA 0.028 304.9 10 2.00 0.0018 0.9 

40% NH3 wash 2 0.137 304.9 10 2.00 0.0090 4.5 

40% NH3 eluate 1.917 304.9 10 3.00 0.1886 62.9 

50% NH3 loading 0.405 304.9 10 2.00 0.0266 13.3 

50% NH3 
salt 

wash 0.413 
304.9 10 

4.00 
0.0542 13.5 

50% NH3 TFA 0.071 304.9 10 2.00 0.0047 2.3 

50% NH3 wash 2 0.118 304.9 10 2.00 0.0077 3.9 

50% NH3 eluate 1.749 304.9 10 3.00 0.1721 57.4 

Combination 

1* 

 

loading 0.398 304.9 10 2.00 0.0261 13.1 

salt 

wash 0.106 
304.9 10 

4.00 
0.0139 3.5 

TFA 0.036 304.9 10 2.00 0.0024 1.2 

wash 2 0.020 304.9 10 4.00 0.0026 0.7 

eluate 1.925 304.9 10 3.00 0.1894 63.1 

Combination 

2** 

 

loading 0.401 304.9 10 2.00 0.0263 13.2 

salt 

wash 0.106 
304.9 10 

4.00 
0.0139 3.5 

TFA 0.012 304.9 10 2.00 0.0008 0.4 

wash 2 0.026 304.9 10 4.00 0.0034 0.9 

eluate 1.936 304.9 10 3.00 0.1905 63.5 

* Wash 1: 5% ACN / 20% NH3 in 2 M NaCl x2, Wash 2: 1% ACN x2 

** Wash 1: 5% ACN / 20% NH3 in 2 M NaCl x2, Wash 2: 1% ACN x2, Condition: 3 mL TEAA 
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