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Abstract 

Hydrophilic interaction chromatography (HILIC) is a useful separation technique especially for 
polar analytes. The mechanism is mainly based on partitioning of analyte between a water enrich-
ed polar stationary phase and less polar mobile phase. 

In this study, a variety of stationary phases with different functional structures were tested; 
Atlantis HILIC Si, LiChrospher Si 100, LiChrospher 100 NH2, LiChrospher 100 Diol, ZIC-
HILIC, Purospher STAR NH2, PolySulfoethyl A, PolyHydroxyethyl A, Nucleodur HILIC, and a 
TRIS methacrylate functionalized silica were used to elucidate the effect of the functional struc-
tures on the adsorption capacity for water from mobile phases including water and acetonitrile. 
In addition to this, methanol and tetrahydrofuran were used as tertiary solvents in the mobile 
phase and water adsorption capacity on the stationary phases were compared with binary aceto-
nitrile/water mobile phases. Moreover, in addition to solvent composition, buffers salt were 
added to the mobile phase and its effect on the water adsorption capacity was observed. 

In general, multilayer and also charged stationary phases showed high water adsorption capacity 
from water/acetonitrile mobile phases. In the comparison of tertiary mobile phases, it was ob-
served that THF had a relatively strong influence on the water adsorption capacity. Moreover, 
when buffers salt were added at 25 mM concentration, all multilayer stationary phases except for 
the TRIS methacrylate modified silica, the LiChrospher Si 100, and the Lichrospher 100 Diol 
showed an increased water adsorption capacity. 
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1. Introduction 

Alpert first coined the term of HILIC in 1990 [1, 2]. According to the HILIC separation mode, 
retention is proportional to the polarities of both the analyte and the stationary phase, and is 
inversely proportional to polarity of the mobile phase [3]. Hydrogen bonding interaction and 
dipole-dipole interaction are factors which contribute to the retention mechanism. Important are 
also weak electrostatic interactions between charged analytes and hydrophilic stationary phases 
due to the presence of intentional ionic groups or residual silanol groups on the stationary phase 
surface. Residual silanol groups may contribute to cation exchange and repulsion of anions, 
interactions that are superimposed on partitioning as retention mechanism. Such mixed mode 
separation can facilitate separations of polar and charged analytes in HILIC mode [2, 4-7]. Al-
though there are numerous HILIC columns with a variety of functional groups such as un-
derivatized silica, aminopropyl silica, amide silica, diol silica, cyclodextrin-bonded silica, sulfo-
nated polystyrene-divinylbenzene resin, and sulfoalkylbetaine silica, new HILIC stationary phases 
are still being developed and investigated to improve HILIC mode as a liquid chromatographic 
technique complementary to reversed phase HPLC [2]. 

Conceptually, water has a significant effect on the polarities of stationary and mobile phases due 
to its property as a protic, dissociable solvent with strong hydrogen bonding properties. It is con-
sequently the strongest elution solvent in HILIC mode [8, 3]. Therefore, a small increase in the 
concentration of water in an acetonitrile mobile phase results in high increase in mobile phase 
polarity, whereby the analyte is partitioned from the stationary phase to the mobile phase with 
lower retention as result [4]. For general HILIC mode, there should be a more polar stationary 
phase and a less polar (i.e., mostly organic) mobile phase, because the mechanism of hydrophilic 
interaction liquid chromatography (HILIC) is based on partitioning of polar analytes between the 
less polar mobile phase (consisting of a large amount of organic solvent and a smaller amount of 
aqueous solvent), and the more polar stationary phase. Polar stationary phases in the HILIC are 
widely used for separations of polar, weakly acidic, or basic samples. Columns with a variety of 
functional groups are used for separations of peptides, proteins, carbohydrates, oligosaccharides, 
drugs, metabolites, and various natural compounds [1, 4].  

Indeed, HILIC is a combination of normal phase liquid chromatography (NPLC) and reversed 
phase liquid chromatography (RPLC). The difference between HILIC and normal-phase (NP) 
liquid chromatography is the use of water as polar mobile phase modifier, instead of entirely 
non-aqueous mobile phases. The similarity between reversed-phase (RP) liquid chromatography 
and HILIC refers to the use of polar mobile phases consisting of one or more organic solvent(s) 
and water. But reversed-phase (RP) liquid chromatography is mostly used for non-polar analytes 
[4]. One of the main problems with strongly polar analytes in RP-HPLC is their weak interaction 
with the non-polar stationary phase, which results in low retention and insufficient separation 
[2]. Differences between reversed-phase (RP) liquid chromatography, normal-phase (NP) liquid 
chromatography and HILIC are outlined in Table 1 [4].  

Table 1. The particular differences between RPLC, NPLC and HILIC 

HPLC Mode ANALYTES STATIONARY PHASES MOBILE PHASES 

Reversed-Phase(RP) LC Mostly non-polar Non-polar Polar 
Normal-Phase(NP) LC Polar Polar Non-aqueous (non-polar) 

HILIC Polar Polar Less polar 

Separations in HILIC mode are also affected by type and amount of electrolytes (buffer salts) 
added to the eluent [7]. One reason for using buffering electrolytes in the mobile phase is related 
to retention, particularly for ionizable samples. The second reason is to shield residual silanol 
groups that lead to electrostatic interaction on silica-based stationary phases [1, 4, 8]. This is 
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especially important for intentionally charged stationary phases such as ZIC-HILIC (sulfoalkyl-
betaine zwitterionic), PolySulfoethyl A, and Nucleodur HILIC, where the charged groups play an 
important role in electrostatic interaction mechanisms. Therefore, the influence of buffering salts 
in the mobile phase has to be considered in terms of electrostatic interaction [6, 13]. In addition, 
buffer salts used in HILIC mode should be compatible for use in mass spectrometry [6].  

The present study is devised to elucidate new selectivities in HILIC by investigating several new 
stationary phases that provide separation options for particular polar analytes, which is important 
since HILIC stationary phases with different functional structures engage in different retention 
mechanism for particular analytes [4]. Also, HILIC stationary phases differ in their water adsorp-
tion capacity, which is a function of their functionality. Therefore, the practical part of this work 
was centered on determining the water adsorption ability of polar stationary phases by the Karl 
Fisher method, the technique most commonly used for determination of water content at low 
levels. The Karl Fischer titration mechanism is based on oxidation of sulfur dioxide by iodine 
with water in the presence of a lower alcohol and an organic base [12], and in the electrochemical 
Karl Fischer technique used in this work the iodine generated at the anode reacts with water and 
sulfur dioxide, and detection takes place by a separate indicator electrode system located in the 
titration cell. Thus, the amount of water in injected samples is found from the amount of iodine 
that has to be generated at the anode (assuming a 1:1 ratio between water and iodine) to com-
pensate for the iodine used in the reaction [10, 11]. 

I2 + 2 H2O + SO2  2 HI + H2SO4 (1) 

The secondary aim of the project was to elucidate the effect of various organic modifiers such as 
methanol (MeOH) and tetrahydrofuran (THF), and also to study the effects of varying concen-
trations of ammonium acetate as a buffer salt in the mobile phase, in terms of water adsorption 
capacity at the fixed volume of water in the mobile phase. 

2. Experimental 

2.1. Instrument and Method  

First of all, mobile phases including various concentrations of water which are 0.1, 0.5, 1, 5, 10, 
20, and 30 percent (v/v) in acetonitrile (ACN) were prepared and their real water contents was 
determined by electrochemical Karl Fisher titration. These and all other Karl Fisher experiments 
were conducted on a custom built electrochemical Karl Fisher titration with Hydranal® reagent 
from Riedel-de-Häen (Seelze, FRG) was used as a titrant. 

The stationary phases selected for tests had various functional structures, as shown in Figure 1. 
Seven vials were prepared by weighing in around 150 mg of each phase, and the vials were 
thereafter kept inside a thermostatted vacuum oven at ~100 Pa pressure and 90 oC for around 
three days to dry. After drying, the vials were again weighed to calculate the loss of water in each 
sample. Thereafter, 1.5 ml of the mobile phases 1-7, consisting of various concentration of water 
in ACN as shown in the Table 2, was added to each vial.  Equilibrium was achieved by swirling 
the vials on an orbital shaker for 30 minutes. For the first sample, the time required for equilibra-
tion was checked after swirling for 30, 120, and 240 minutes and it was observed that adsorption 
of water was complete already after 30 minutes. Following equilibration, the vials were subjected 
to centrifugation for 5 min. The amount of water adsorbed by each stationary phase was assess-
ed indirectly by determining the water in the supernatant from each mobile phase by Karl Fisher 
titration.  
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100) 
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Figure 1. Structure of stationary phases. 

The remaining solution in the vials were evaporated by using a Gallenkamp (Loughborough, 
UK) vacuum oven under reduced pressure for 1 day to remove the mobile phase. They were 
then dried in a thermostatted vacuum oven for 3 days as above, to completely get rid of water in 
the sample. Two mobile phases including MeOH and THF at admixtures of 5 % (v/v) were pre-
pared in ACN and water, with the water contents were kept constant at 20 % (v/v). The same 
procedure as described above for the ACN/H2O stationary phases was applied to determine the 
of amount of water adsorbed by the mobile phases consisting of MeOH/H2O/ACN and 
THF/H2O/ACN, and the results were compared with the amount of water adsorbed by the 
stationary phases from mobile phases containing only water and ACN at 20/80 % (v/v). 

In addition, three other mobile phases containing ammonium acetate were also prepared at the 
concentrations of 5, 25, and 50 mM in H2O/ACN 20/80 v/v. Also, the same procedure was 
applied for these mobile phases to find the amount of water adsorbed by stationary phases and 
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results were again compared with the amount of water adsorbed from a mobile phase containing 
only water and ACN at 20/80 % (v/v). These mobile phases listed as 10-12 in Table 2 below. 

Table 2.  The composition of mobile phases used in this study. 

Mobile Phase 

Composition1) 

H2O 

 (% v/v) 

ACN 

 (% v/v) 

THF 

 (% v/v) 

MeOH 

 (% v/v) 

NH4OAc 

(mM) 

 

1 0.1 99.9 – – 0 

2 0.5 99.5 – – 0 

3 1 99 – – 0 

4 5 95 – – 0 

5 10 90 – – 0 

6 20 80 – – 0 

7 30 70 – – 0 

8 20 75 – 5 0 

9 20 75 5 – 0 

10 20 80 – – 5 

11 20 80 – – 25 

12 20 80 – – 50 

1) Water (H2O), acetonitrile (ACN), tetrahydrofuran (THF), and methanol (MeOH) are given in percent (v/v); 
ammonium acetate (NH4OAc) is given in as millimolar concentration added in the water. 

Table 3. Stationary phases used in this study. 

 

3. Result and Discussion 

3.1. The effect of functional group on water adsorption capacity 

A variety of different polar stationary phases with various functional groups (Atlantis HILIC Si, 
LiChrospher Si 100, LiChrospher 100 NH2, LiChrospher 100 Diol, ZIC-HILIC, Purospher 
STAR NH2, PolySulfoethyl A, PolyHydroxyethyl A, Nucleodur HILIC, and TRIS) were used to 
detect their water adsorption capacity using mobile phases consisting of varying concentrations 
of water in acetonitrile, ranging from 0.1 to 30 % (v/v). The structures of the stationary phases 
included in the test are shown in Figure 1. 

In addition to selection of the functional group, the choice of mobile phase is also crucial for the 
water adsorption capability of a stationary phase. Therefore, the ACN/water composition was 
selected as a proper mobile phase to detect water adsorption capacity on the stationary phase by 

Functional Group Manufacturer Support Functionality

Particl

e size 

(µm)

Pore 

size 

(Å)

Surface 

area  

(m2/g)

1 Atlantis HILIC Si Waters Silica Underivatized 5 100 330

2 LiChrospher Si 100 Merck Silica Underivatized 5 100 400

3 LiChrospher 100 NH2 Merck Silica 3-Aminopropyl 5 100 350

4 LiChrospher 100 Diol Merck Silica 2,3-Dihydroxypropyl 5 100 350

5 ZIC-HILIC Merck Silica Polymeric sulfoalkylbetaine zwitterionic 5 200 135

6 Purospher STAR NH2 Merck Silica 3-Aminopropyl 5 120 330

7 PolySulfoethyl A PolyLC Silica Poly(2-sulfoethyl aspartamide) 5 200 188

8 PolyHydroxyethyl A PolyLC Silica Poly(2-hydroxyethyl aspartamide) 5 200 188

9 Nucleodur HILIC Macherey-Nagel Silica Sulfoalkylbetaine zwitterionic 5 110 340

10 TRIS
Synthesis in a 

laboratory by 

Nhat Bui

Silica Tris(hydroxymethyl)aminomethane 5 200 105
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using variety concentrations of water in the ACN.  Since ACN does not have any proton-donor 
capabilities and is a water miscible organic solvent, it is commonly used as the preferred organic 
part of mobile phases in HILIC mode [3, 14]. Due to non-protic properties of ACN, only water 
in the mobile phase is capable of forming hydrogen bonds with the stationary phase, a property 
that contributes to making the stationary phase appear more hydrophilic and the mobile phase 
less polar. Consequently, polar analytes are partitioned between the polar stationary phase and 
the less polar mobile phase. 

The overall water adsorption capacity of the stationary phases was calculated  in terms of mg/m2 
and  mg/g, and the standard errors, standard deviations, and minimum and maximum confi-
dence limits of the standards and samples were also calculated by using these equations; 

 (2) 

where  is the each value in the population  is the mean of the values and is the number of 

the injections (population). This equation calculates the standard deviations ( ) of the samples, 

and by calculating the standard error of the mean ( ), a confidence interval can be established 
that shows how data spreads around the mean [15, 18]: 

 (3) 

Where  is the standard deviation and  is the number of injections.  can in turn be used to 
calculate the upper and lower confidence limits of the mean [16]; 

, and (4) 

, (5) 

where  is the mean of the values, and  its standard error calculated as in (3). These two 
equations indicate the minimum and maximum 95% confidence limits for the sample and stan-
dard. 

Finally, adsorption of water on those HILIC phases were quantified from differences of the bulk 
mixture before and after equilibrated with HILIC phases and standard error of this difference 
were calculated based on Student’s -test as follows [17]; 

 
(6) 

where  and  are the averages of the standard and sample, respectively, and  and  are the 
number of the injections, and 

 (7) 
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where  and  are the number of injections of standard and sample, respectively, and  and 

 are the standard errors for the sample and standard. 

As can be seen in Figure 2, the Tris(hydroxymethyl)aminomethane multilayer stationary phase 
had a significantly higher water adsorption capacity compared to the other phases included in the 
test set. Other phases that also showed strong water sorption already at low water concentrations 
in the eluent were all stationary phases with polymeric layers, namely ZIC-HILIC, PolySulfoethyl 
Aspartamide, and PolyHydroxyethyl Aspartamide.  

 

Figure 2. Influence of stationary phase functionality on water adsorption capacity with varying water concentrat- 

ions in acetonitrile. The amount of adsorbed water by stationary phase was also calculated in terms of mg/m2. 

The ZIC-HILIC stationary phase, which has zwitterionic functionalities, showed a rapidly rising 
water adsorption up to 20 % (v/v) water in the mobile phase, but above 20 % (v/v) water in the 
mobile phase, ZIC-HILIC zwitterionic stationary phase appeared to be essentially saturated. This 
multilayer zwitterionic polar stationary phase carries both positive and negative charges establish-
ed by an acidic sulfonic acid group and a basic quaternary ammonium group connected by a 
short alkyl chain. The two opposite charges are thus present at a 1:1 molar ratio. It can therefore 
be concluded that in addition to strong hydrogen bonding capacity, there is a week electrostatic 
interaction. In addition, this kind of ligand is called as sulfoalkylbetaine zwitterionic, which is 
associated with splitting of water molecules into hydronium and hydroxide ions. This particular 
feature provides more water adsorption capability [8]. 

Also the other stationary phases with multilayer polymeric functionalities (see Figure 2), namely 
PolySulfoethyl Aspartamide and PolyHydroxyethyl Aspartamide, displayed significantly higher 
water adsorption capacities than neat silica and the monomerically functionalized phases. When 
compared to each other in terms of mg water sorbed per gram of stationary phase, Figure 3, the 
anionic polysulfoethyl aspartamide stationary phase, which carries sulfoethyl groups, had a higher 
water adsorption capacity than the non-ionic PolyHydroxyethyl  Aspartamide phase, which has 
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amide-bonded hydroxyethyl groups. It can be concluded that in addition to hydrogen bonding, 
electrostatic interaction also plays an important role in binding of water to the stationary phase. 

 

Figure 3. Comparison of water adsorption capacity on polymer-based stationary phases in terms of mg/g 

by using of water in this ranges 0.1, 0.5, 1, 5, 10, 20 and 30 percent in the mobile phase including ACN. 

As shown in Figure 3, the amino-bonded (3-aminopropyl) stationary phases tested exhibited 
water adsorption capacities in this order; LiChrospher NH2 > Purospher STAR NH2. Both are 
monolayer and nominally uncharged stationary phases, although the basicity of the aminoalkyl 
groups should warrant its protonation at least in the experiments with ammonium acetate added 
as buffer. Although amino phases have a high propensity for hydrogen binding between water 
and the amino group, they showed low water adsorption in comparison with the charged and 
multilayer stationary phases. Thereby, it could be concluded that multilayer and charged stationa-
ry phases adsorbed more water due to their abilities of forming a swollen gel layer on the surface, 
where water is trapped by entering into weak electrostatic interactions and multiple adsorption, 
in addition to hydrogen bonding. 

 

Figure 4. Comparison of water adsorption capacity on amino-bonded stationary phases in terms of mg/g 

by using of water in this ranges 0.1, 0.5, 1, 5, 10, 20 and 30 percent in the mobile phase including ACN. 
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As shown in Figure 4, when observed in terms of mg/g, the Purospher STAR NH2, which is 
claimed to be based on a purer grade of silica, displayed a lower water adsorption capacity than 
LiChrospher NH2. LiChrospher NH2 has some impurities in a certain degree, this reason could 
be the cause of its higher water adsorption capability. 

The stationary phases with lower water sorption were Nucleodur (monomeric sulfoalkylbetaine 
zwitterionic) > Atlantis HILIC Si (underivatized) > LiChrospher Diol 100 (2,3-dihydroxypropyl) 
> LiChrospher Si100 (underivatized). Although Nucleodur is a zwitterionic stationary phase, it 
showed low water adsorption in these tests. This could be explained by its chemistry which is 
based on monolayer functionalization, as opposed to a polymeric layer. 

 

Figure 5. Comparison of water adsorption capacity on underivatized-bonded stationary phases in terms of 

mg/g by using of water in these ranges 0.1, 0.5, 1, 5, 10, 20, 30 percent in the mobile phase including ACN.                 

In general, the underivatized silica stationary phases (Atlantis HILIC silica and Lichrospher Si 
100), showed low water adsorption capacity in comparison to the other phases tested (Figure 5).  

 

Figure 6. Comparison of water adsorption capacity on LiChrospher-based stationary phases 

in terms of mg/g by using of water in these ranges 0.1, 0.5, 1, 5, 10, 20, 30 percent. 

They could be considered as monolayer stationary phases without intended charge, although the 
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aqueous eluents. The low water adsorption capacity is likely due to monolayer adsorption, as 
outlined above. Additionally, when observed in terms of mg/g, Atlantis HILIC Si had a higher 
water adsorption capacity than Lichrospher Si100. They are both neat silicas and have some 
impurities to a certain degree; this could be a reason for differences in their water adsorption 
isotherms. 

Figure 6 shows a comparison of three different LiChrospher-based stationary phases, which are 
believed to be based on the same silica substrate. The water sorption capacities were found to be 
in this order; LiChrospher NH2 100 > LiChrospher Diol 100 > LiChrospher Si 100. In spite of 
the dual hydroxyl groups of the 2,3-hydroxypropyl functionality, LiChrospher Diol 100 showed a 
lower water adsorption capacity than the corresponding aminopropyl phase.  

3.2. Effect of tertiary solvent on water adsorption capacity 

Selection of the organic solvent is an important parameter for HILIC mode separation, as it also 
has a significant impact on the apparent polarity of the stationary phase. The effect of methanol 
and tetrahydrofuran as tertiary solvents in the mobile phase was compared with a mobile phase 
containing acetonitrile and water only. Methanol and tetrahydrofuran were selected as solvents 
that are fully miscible with acetonitrile/water HILIC phases, but differ in their proton-acceptor 
and proton-donor properties. Methanol has the features of a strong proton-acceptor (β = 0.62) 
as well as a potent proton-donor (α = 0.93), compared to the rather low proton-acceptor (β = 
0.31) and weak proton-donor properties (α = 0.19) of ACN. Since MeOH is a protic solvent, it 
might interact with stationary phase via hydrogen-bonding and compete with adsorption of water 
on stationary phase [1]. 

 

Figure 7. Effect of the tertiary solvent on water adsorption capacity, compared to adsorption 

of water from 80:20 %  (v/v) acetonitrile/water. The bars show the change in amount of water 

absorbed by the phase when 5 % of the acetonitrile was replaced by the solvent in question.  

As seen in Figure 7, when MeOH was added as a tertiary solvent in the mobile phase, the water 
adsorption capacity was significantly decreased for all stationary phases except ZIC-HILIC and 
Purospher STAR NH2, both showing water adsorption capacities that were essentially the same 
as with a mobile phase containing only ACN and water. Noticeable is that the phase that was 
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most strongly affected by substitution of 5 % MeOH for ACN was the underivatized Atlantis 
HILIC Si. 

The other tertiary solvent tested, THF, totally lacks proton donor properties (α = 0.00), but its 
proton acceptor property is comparatively strong (β = 0.55) [1]. As shown in Figure 7, the 
amount of water absorbed was substantially increased for the ZIC-HILIC, LiChrospher Si 100, 
PolySulfoethyl A, and PolyHydroxyethyl A phases when THF was added as tertiary solvent. A 
point to consider is that LiChrospher Si 100 generally showed low water adsorption in other 
types of mobile phases, but showed quite high water adsorption in the tertiary mobile phase in-
cluding THF. The amino functionalized stationary phases LiChrospher 100 NH2 and Purospher 
STAR NH2 were hardly affected by addition of THF, as was the multilayer TRIS column. In 
addition, as in the experiment with MeOH as tertiary component, the decrease in water sorption 
was also strongest for Atlantis HILIC Si phase with THF as a tertiary solvent. This means that 
the hydrogen bond donor or acceptor properties cannot be identified as sole mediators of the 
lower water adsorption in presence of the tertiary eluent component. 

3.3. Effect of salt concentration on water adsorption capacity 

In this part, the aim was to evaluate the effect of varying ammonium acetate concentrations on 
water adsorption capacity. Due to the variability in functional groups on the tested phases, an 
experiment was set up to determine if there were differences in water adsorption capacity when 
ammonium acetate was used a buffer salt in the mobile phase. Water and ACN were kept at a 
fixed ratio of 80/20 % (v/v) with varying amounts of ammonium acetate added in the aqueous 
part. The water adsorption was normalized with respect to the amount of water adsorbed by the 
stationary phase in question in a mobile phase containing 20 percent (v/v) of water in ACN. 

 

Figure 8. Effect of ammonium acetate in various concentrations on water adsorption capacity, 

compared to adsorption of water from 80:20 %  (v/v) acetonitrile/water. In addition to 80/20 % 

(v/v) water/ACN, the mobile phases also contained, 5, 25 or 50mM ammonium acetate . 

The first observation that can be made from Figure 8 is that all the multilayer stationary phases, 
i.e., ZIC-HILIC zwitterionic, PolySulfoethyl A, and PolyHydroxyethyl A, with the exception of 
TRIS, showed higher water adsorption capacity when ammonium acetate was added to the 
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mobile phases. Noticeably LiChrospher Si 100, an underivatized silica, showed a substantial in-
crease in water adsorption capacity as a result of adding ammonium acetate to the eluent. In con-
trast, Atlantis HILIC Si, the other underivatized silica included in the test, exhibited almost the 
same level of water adsorption capacity as a with mobile phase including only ACN and water. 

Moreover, the monolayer amino stationary phase LiChrospher 100 NH2 showed a lower water 
adsorption capacity whereas the other amino phase, Purospher STAR NH2, showed a water 
sorption capacity that was unaffected by salt addition. This also applied to Nucleodur HILIC, 
which is also monolayer stationary phase with low water adsorption capacity.  

In general, when 25 mM ammonium acetate was added to the mobile phase consisting of ACN 
and water 80/20 % (v/v), the stationary phases adsorbed more water. It was especially observed 
that the charged stationary phases ZIC-HILIC and PolySulfoethyl A had the strongest increase 
in water adsorption compared to mobile phase containing 5 and 50 mM ammonium acetate. This 
also applied to the non-charged LiChrospher 100 Diol stationary phase, although to a lesser 
extent. 

4. Conclusion 

Stationary phases with various functional structures were investigated to examine their water 
adsorption capacities using mobile phases including water and ACN in various compositions. 
Among the tested phases, the polymeric TRIS material showed the highest water adsorption 
capacity, followed by ZIC-HILIC, PolySulfoethyl A and PolyHydroxyethyl A, which showed 
similar water retaining capacities but only trapped about half the amount of water contained in 
the TRIS phase. 

Changes in the water adsorption capacity were observed when MeOH and THF were added as 
tertiary solvents in the mobile phase. In general, addition of MeOH caused a significant decrease 
in water adsorption capacity, with the exceptions being ZIC-HILIC and Purospher STAR NH2. 
These two phases have almost same level water adsorption capacity. When THF was used as a 
tertiary solvent, the polymeric ZIC-HILIC, PolySulfoethyl A and PolyHydroxyethyl A phases 
and also LiChrospher Si 100 had notably increase in their water adsorption capacity. 

Finally, ammonium acetate in varying concentrations was used in the mobile phases to assess the 
effect of electrolyte on water sorption. The phases with polymeric interaction layers, i.e., ZIC-
HILIC, PolySulfoethyl A and PolyHydroxyethyl A showed higher water adsorption when 25 mM 
ammonium acetate was added to the mobile phase, as did the neat silica LiChrospher Si 100 and 
LiChrospher 100 Diol. A notable exception was the polymeric TRIS phase, where the water 
absorption capacity remained high and unchanged when ammonium acetate was added. 

5. Future Plans 

This project is connected to determination of ammonia by the phenol hypochlorite method and 
also connected to observation of adsorbed acetate ion by polar HILIC phases. In addition, to 
provide enhanced selectivity for particular polar analytes, new experiments should be done by 
using different polar HILIC stationary phases that have various functional groups. Also, the 
effect of new tertiary solvents on water adsorption isotherm should be observed. 
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