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Abstract 
 
The aim of this study was to investigate the nylon membrane’s characteristics and thermodynamic aspects for adsorption of Bovine Se-
rum Albumin (BSA) as a model protein on nylon membrane.  The morphology characteristics analyzed by FESEM and wetting and 
weighting technique showed the nylon membrane possessed micro-pore size (0.159±0.039 µm) with high porosity (74.2820±0.0411 %) 
respectively.  Thermodynamic studies indicated that the adsorption reaction was endothermic with positive value of standard enthalpy 

(∆rHθ = 107.7 kJ/mole) and dominated by chemical adsorption.  The results were supported with the analysis of functional groups of the 
nylon membrane with FTIR-ATR.  Bands corresponding to the NH bonds stretching were generally detected in the 3500-3100 cm-1 range.  
The existence of C=O stretching vibration of carbonyl group was further confirmed with the observation of peak at 1632. 42 cm-1.  The 
water contact angle analysis showed the hydrophilicity nature of nylon membrane with contact angle of 55.6°.  These findings are ex-
pected to be used in the modification of nylon membrane for an optimum adsorption of protein.   
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1. Introduction 

Biomaterial is defined as a material placed in contact with biologi-
cal fluids and it is expected to function with a desirable host re-
sponse in specific applications, without any desirable effects.  
Recently, the use of polymeric membrane as one of the selective 
biomaterials has gained a lot of attention for its versatility and 

biocompatibility properties [1].  Besides, most of the membrane 
can be operated at low temperature and pressure, thereby minimiz-
ing the denaturation and degradation of biological products [2].   
Some examples of the usage of membrane as biomaterial in bio-
medical field are hemodialysis [3], bone regeneration [4] and di-
agnostic-kit [5].  In the latter, diagnostic-kit are favorable in over-
coming the issues of scarcity of medical resources such as highly 
trained specialists and advanced diagnostic equipment. It is sensi-

tive, affordable and efficient tools to assist untrained medical 
workers and offset the unavailability of non-portable high-end 
technology in rural area.  Usually, diagnostic kits are functionally 
based on the concept of immunoassays, such as those in the initial 
screens of typhoid, malaria and tuberculosis.  Another example 
would be the very commonly available pregnancy test strip [6]. 
The assembly of the diagnostic-kit can be divided into two parts; 
the immunoagents extraction and membrane selection.  Mem-
branes such as nitrocellulose [7], poly (vinylidenefluoride) [8], 

nylon [9] and cellulose acetate [10] have been used in the prepara-
tion of diagnostic-kit.  These diagnostic kit might apply the con-
cept of filtration, absorption and adsorption as the working mech-
anism.  However, different application will require different work-
ing mechanism and different characteristics of membrane.  Thus, 
it is important to analyze some insights about the interaction be-
tween the protein molecule and membrane interface via thermo-
dynamic studies. 

2. Methodology 

2.1. Membrane characterization 

The pore size distributions of the nylon membranes were observed 
by using scanning electron microscopy, SEM (TM3000, Hitachi, 
Japan) at 15 kV and 5000x magnification.  The samples were cut 
into 10 mm x 10 mm and coated with Au-Pd alloy to reduce the 

beam penetration.  The images were then analyzed using ImageJ 
for the pore size distribution.  The measurement of porosity by 
using wetting and weighting technique has been discussed else-
where [6], with specific gravity of water (1.0 g/cm3) and specific 
gravity of nylon (1.12 g/cm3).  Then, for the analysis of functional 
groups, the nylon membranes were cut into 20 mm diameter and 
examined by using ATR-FTIR (Spectrum One, Perkin Elmer, US) 
at 4 cm-1 resolutions at 45˚ incident angle.  For measurement of 
water contact angle, sessile drop technique was performed using 

contact angle analyzer (VCA3000, ASTInc, US) at ambient tem-
perature. 

2.1. Protein adsorption and thermodynamic studies 

The adsorption experiments were carried out by preparing 3 mL of 
BSA protein solution, having an initial concentration, Ci of 0.5 
mg/ml.  The membrane samples were cut into 2 cm x 2 cm and 
completely immersed in the test tube containing 3 mL of BSA 

solution.  The test tubes were then replaced in the water bath 
(MAXturday30, Wisd, Korea) at 300 K for 3 hours.  Unbound 
BSA on the surface of the membrane was washed with distilled 
water.  Each membrane sample was transferred into a test tube and 
2 mL of bicinchoninic acid-working reagent was added.  The 
amount of BSA adsorbed on membrane, Cm was measured using 
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UV spectrophotometer at 562 nm wavelength.  The adsorption 
experiments were repeated at 305 K, 310 K, 313 K and 318 K. 
The thermodynamic properties such as standard enthalpy (∆rHo), 
standard Gibbs free energy (∆rGo) and standard entropy (∆rSo) 
were calculated by using the data of protein adsorption at different 
temperatures.  The equation used for the determination of thermo-
dynamic parameters were shown below: 
 

Ce = Ci - Cm                                          (1) 
 

K = (Ci – Ce)/ Ce                                                         (2) 
 

∆rGo = -RT ln (K)                                                        (3) 
 

ln (K) = -∆rHo/RT + ∆rSo/R                                                       (4) 
 

where Ce is the protein concentration at equilibrium, R is the gas 
constant (8.314 J/mol.K) and T is the temperature (K) [11]. 

3. Results and Discussion 

The SEM images (Figure 1) show the upper and bottom part view 
of nylon membrane at 5000x magnification.  It was observed that 

nylon membrane possessed a symmetrical structure with almost 
identical morphology.  The pore size distribution for upper and 
bottom surface of the membrane was calculated using ImageJ 
software and the results are 0.159±0.039 µm and 0.181±0.039 µm 
respectively.  The pore size of this membrane sample falls within 
the range of micro-pore size membrane.  The porosity (pore vol-
ume) value obtained from the wetting and weighting method is 
74.2820±0.0411 %, thus, the nylon membrane sample was consid-

ered to have high membrane porosity.  Theoretically, a combina-
tion of smaller pored membrane with high porosity would be de-
sirable as a potential capture agent, as it would be expected to 
offer larger surface area for protein adsorption [12], [6]. 
 

 
 

 
Fig. 1: The SEM images of surface (a) and bottom (b) of nylon membrane 

Besides measuring the amount of protein adsorbed on membrane 
interface, it is important to evaluate the possible interaction in-
volved between the protein molecule and membrane to ensure the 
robustness and flexibility of the developed diagnostic kits in real 
application.  Thermodynamic studies were conducted at different 
temperatures for further analysis of the interaction involved.  
Temperature is considered a key factor in the adsorption process.  
This experiment was conducted in various ranges of temperature 

(300 K, 305 K, 310 K, 313 K, 318 K) show the trend of increasing 
protein adsorption as temperature increased, up to 310 K (Figure 
2).  However, the adsorption starts to decrease at temperature of 
313 K and above which is believed as the effect of denaturation 
process. 
 

 
Fig. 2: Protein adsorption at respective temperature 

 
The thermodynamic parameters such as standard enthalpy (∆rHo), 
standard Gibbs free energy (∆rGo) and standard entropy (∆rSo) 
during the adsorption of protein was ascertained by drawing Van’t 
Hoff plots (ln K vs 1/T values) of BSA adsorption on nylon mem-
brane (Figure 3). As an effect from the denaturation process at 313 
K and above, the data was excluded in the thermodynamic studies.  

From the plot, the value of ∆rHo was 107 kJ/mole with the posi-
tive value implied endothermic reaction involved during the proc-
ess of adsorption.  Thus, the protein adsorption is predominantly 
driven by chemisorption as the value of ∆rHo was between 40-120 
kJ/mole, rather than common physical adsorption [13], [11]. 
 

 
Fig. 3: Van’t Hoff plots of BSA adsorption onto nylon membrane 

 
The results were supported from the characterization of functional 
groups by using FTIR-ATR (Figure 4).  Peak at 1632. 42 cm-1 
was ascribed to the C=O stretching vibration of carbonyl group 
present in nylon membrane while peak at 3300.12 cm-1 was as-
cribed to the N-H stretching vibration of amino groups. It was 
hypothesized that chemisorption occurs between the protein and 

nylon membrane was contributed by hydrogen bonding between 
the amino group of protein and carbonyl group of nylon mem-
brane, and vice versa.  Therefore, it was observed that the peak of 
free C=O stretching vibration that normally appeared at 1700 cm-
1, is barely visible in Figure 4 and shifted to 1632.42 cm-1.  Gen-
erally, hydrogen bonds are weaker than covalent bonds but they 
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are much stronger than van der Waals forces that facilitate physi-
cal adsorption [14], [15]. 
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Fig. 4: FTIR-ATR spectra for nylon membrane 
 
Besides, a test on water contact angle showed that the nylon mem-
brane is hydrophilic with angle measurement of 55.6˚ (Figure 5).  

It was generally known that a contact angle below than 90˚ is ac-
ceptable as a hydrophilic material, whereas more than 90˚ is a 
hydrophobic material [16].  Thus, physical adsorption contributed 
by hydrophobic interaction might be insignificant because of the 
hydrophilicity of nylon membrane and hydrophobicity of BSA.  
Another possible physical adsorption such as electrostatic interac-
tion might be significant, however further analysis on streaming 
potential on nylon membrane before and after protein adsorption 

is required.  The electrostatic interaction will pre-dominate the 
protein-membrane interaction if the membrane surface is hydro-
philic.  However, this condition was highly dependable on the 
charge of the membrane itself and the pH of the protein solution 
prior to adsorption process.  On the other hand, the adsorption of 
BSA would reach its best at isoelectric point (IEP).  At the zero 
charge (IEP), there will be no competition between protein mole-
cules and it will form a compact layer formation of BSA mole-

cules on the nylon surface.  The compact layer would promote 
shorter interaction due to shorter range between protein molecule 
and nylon membrane surface [17]. 
 

 
Fig. 5: Water contact angle of nylon membrane (55.6˚) 

 
In addition, the value of standard entropy (∆rSo) obtained from 
the Van’t Hoff plots was 339.35 J/mol.K.  The positive value re-
flects the distribution of BSA adsorbed on the nylon membrane 
was more chaotic than that in aqueous solution.  The change in 

standard Gibbs free energy (∆rGo) were further calculated and the 
results were 6.609, 2.813 and 3.362 kJ/mol at 300 K, 305 K and 
310 K, respectively.  All positive signs of ∆rGo indicating that 
protein adsorption was feasible but not spontaneous [18]. 

4. Conclusion 

In this study, nylon membrane was a symmetrical membrane with 
micro-pore size range.  The porosity of the membrane is consid-
ered as high with 74.2820±0.0411 %.  From the analysis of ther-
modynamic studies, it was concluded that hydrogen bonding was 

a possible dominant interaction between the protein molecules and 
nylon membrane.  The results were supported by the measurement 
of functional groups for NH bonds stretching and C=O stretching 
vibration.  The hydrophilic nature of nylon membrane (water con-
tact angle of 55.6˚) suggested the possibility of electrostatic inter-
action at right pH medium.  However, further elaborated studies 
needed to prove the clear mechanism of protein adsorption onto 
nylon membrane.  
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