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Abstract 

Presently, there is a need for purification of 

large bio-particles, namely viruses, required 

for the production of many vaccines and 

gene delivery vectors. Monoliths seem to be 

able to give an answer to this issue, and 

have already been applied for the 

purification of large biological components 

such as pDNA and viruses. The monoliths 

used in this work consist of a 

polymethacrylate backbone containing a 

complex network of large throughpores with 

average diameter ranging from 1.2 to 1.5µm. 

These characteristics make them suitable 

for fast purification of large bioparticles. 

However, there has been described a flow 

dependant entrapment of such particles in 

monoliths during chromatographic 

experiments, which would result in a 

decreased recovery and yield of the 

purification processes [1]. Such entrapment 

can be described by a model based on the 

Peclet number that is proportional to the flow 

rate and to the cube of the particle diameter 

[1]. To evaluate this phenomenon, pulse 

response experiments were conducted 

under non-binding conditions at several 

working flow rates, with baculoviruses, virus-

like particles and different sizes of silica 

particles. For the silica particles, with an 

increase of the flow rate and particle size it 

was possible to observe an approximately 

linearly increasing flow entrapment 

behaviour. Furthermore, a fraction of the 

entrapped particles was recovered by 

reduction of the flow rate. To what concerns 

the baculovirus and VLPs, a form of 

entrapment was verified, however not a flow 

dependant one, since the retention 

remained approximately the same for all the 

working flow rates. 

 

 

 

 

1. Introduction 

Chromatography is the workhorse of the 

downstream processes used for 

manufacturing of biopharmaceuticals, it 

allows a high number of cycles and is usually 

easy to implement, since the equipment, 

materials and purification protocols are 

readily available [2]. Chromatography is a 

separation procedure that consists of a fluid 

phase, containing the target product to be 

separated, that percolates through a 

stationary phase. It is used for purification of 

a wide variety of products, from small 

molecules such as proteins and peptides to 

large bioparticles such as viruses and cells, 

so it is imperative that the process is 

optimised concerning a specific target 

product. To achieve different purposes, 

several stationary phases have been 

developed and mainly characterised as 

diffusive (packed-bed) and convective 

(monoliths and membranes) based devices. 

Until now, most chromatographic 

developments describe methods performed 

with small molecules like proteins. However, 

processes aiming for the purification of large 

bioparticles will face different 

chromatographic behaviour, therefore 

specific requirements must be fulfilled by the 

stationary phase [3]. 

Monoliths consist of a single block of a 

continuous porous material that is 

hermetically sealed in a chromatography 

housing, so that the mobile phase flow 

cannot bypass any significant length of the 

bed and must percolate through it [3,4]. The 

pores of the monolith are highly 

interconnected channels through which the 

mobile phase flows [6]. The average size, 

the tortuosity and the constriction of these 

channels formed by the throughpores are 

Flow entrapment of synthetic and bio-nanoparticles in 

monoliths 
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relevant characteristics that control the 

column permeability [5]. The highly 

connected macroporous structure of the 

monoliths results in different hydrodynamic 

characteristics comparing to conventional 

packed columns. The transport in 

conventional packed beds is characterised 

by the diffusion of the particles into the 

pores, contrary to monoliths, in which 

transport resides on convection throughout 

the pores. The high volume of throughpores, 

hence a low hydraulic resistance, makes it 

possible to work at low pressure drop. 

Moreover, the predominant transport 

mechanism inside the monolithic media is 

convection rather than diffusion, leading to a 

flow-independent resolution and dynamic 

binding capacity [6,7]. Consequently, 

monoliths in general can operate at much 

higher flow velocities than conventional 

packed columns, resulting in faster 

separation processes [5]. 

However, there has been described a flow 

dependant entrapment of large bioparticles 

in monoliths during chromatographic 

experiments, which would result in a 

decreased recovery and yield of the 

purification processes [1]. Even though the 

monoliths usually have large pores, these 

may contain constrictions or throats through 

which a bioparticle in the same size range 

could not pass. It is possible, mostly with 

high flow rates, that part of the particles 

moving through the monolithic medium 

become convectively trapped in such 

constrictions of the pores. As long as the 

downstream convection is stronger than the 

upstream diffusion, the particle will remain 

trapped. When this occurs, the only way for 

the particle to escape and move to a wider 

pore is by diffusion, which can be enabled at 

lower flow rates [1]. 

A model based on the Peclet number was 

developed in order to predict the existence 

of flow entrapment in a monolith under 

certain conditions. The Peclet number gives 

the ratio between convective transport into 

the constriction and the diffusion out of the 

entrapment, being characterised by the 

constriction’s length (L), which is the 

distance that the particle would have to 

cover in order to diffuse out, the flow velocity 

(uc) inside the pore and the diffusivity of the 

particle (D) [1] 

 

Figure 1: Schematic illustration of flow 

entrapment process inside monolithic media. (A) 
Particles are passed through the monolith by 
convective transport.(B) The pores may contain 
small constrictions, and if the moving particles 
and are in the same size range as the 
constrictions, particles could get entrapped in 
case that the convective transport is dominant. 
(C) If flow velocity is reduced and diffusion 
becomes dominant, particles would be able to 
move from constricted pores into a wider pore [1]. 

 

 
𝑃𝑒 =

𝑢𝑐𝐿

𝐷
 

 (1) 

 

Given this, since the flow velocity in a pore 

should be proportional to the square of the 

pore diameter, the ratio of uc to the average 

flow velocity is approximately the same as 

the ratio between the corresponding 

diameters squared [1]: 

 

𝑢𝑐 ≈
𝑢𝑠
𝜀
(
𝑑𝑐
𝑑𝑝
)

2

 
 (2) 

    

A 

B 
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With us being the superficial linear velocity, 

dp the average pore diameter, dc the 

diameter of the pore constriction and ε the 

total bed porosity. 

Furthermore, the diffusivity of the particle 

can be described by the Stokes-Einstein 

equation as a function of the viscosity of the 

fluid (µ) and the particle diameter (db) with 

the Boltzmann constant (k) and the 

temperature (T): 

 
𝐷 =

𝑘𝑇

3𝜋μ𝑑𝑏
 

(3) 

 

Moreover, it is possible to combine the 

previous equations to obtain a simplified 

equation (y) in which the length of the 

constriction (L) is assumed to be the pore 

diameter (dp) and the diameter of the 

constriction (dc) is close to the particle 

diameter (db) [1]: 

 

𝑃𝑒 ≈
3𝜋𝜇𝑢𝑠𝑑𝑏

3

𝜀𝑑𝑝𝑘𝑇
 

 (4) 

    
The given equation provides a simplified 

Peclet number estimation that relates the 

likelihood of a flow entrapment behaviour in 

a particular medium with the particle size. 

When the Peclet number is significantly 

lower than 1, the convective entrapment 

should be negligible since the diffusive 

transport is maioritary dominant in this case. 

However, in cases that the Peclet number is 

larger than one, the convective transport is 

dominant over the diffusive and it is possible 

that flow entrapment effects occur in the 

monolithic media [1]. As the Peclet number 

is highly influenced by the particle size, it 

supports the fact that flow dependent 

entrapment is very unlikely to take place 

when processing small molecules like 

proteins, but likely to occur with larger 

particles such as viruses. Other important 

factor is the working flow rate, and since the 

monoliths allow to perform procedures at 

high flow rates, it strengthens the probability 

that flow dependent entrapment 

phenomenon take place during 

chromatographic experiments. 

 

In this work, there were performed pulse 

response experiments using monolithic 

columns at different flow rates, with silica 

particles of various sizes, baculoviruses and 

VLP’s with the goal of acquiring information 

that would help to better understand the 

behaviour of the different particles inside the 

monolithic media. 

2. Materials and Methods 

Silica particles of different sizes, 50, 70, 100, 

300 and 500 nm in diameter with sulfonate 

surface modification (surface: PEG(600)-

OSO3-Na) were obtained from Kisker 

Biotech (Steinfurt, Germany). 

Baculovirus  AcMNPV (A.californica nuclear 

polyhedrosis virus, VR-1345; ATCC, 

Rockville, USA) produced in infected Sf-9 

cells (S. frugiperda, CRL-1711; ATCC, 

Rockville, USA). 

HIV-1 gag VLP´s obtained from CHO cell 

culture supernatant. 

As for the stationary phases, all the 

experiments were performed with CIMacTM 

SO3 column, which is a strong cation 

exchange monolith. The poly(glycidyl 

methacrylate-co-ethylene dimethacrylate) 

backbone of the monolith is modified with 

sulfonyl and sulphate ligands (P–OSO₃–) 

with counter ion Na+. The average pore 

diameter is between 1.2 to 1.5 µm and the 

total bed volume is 0.106 mL (diameter: 5.2 

mm; length: 5.0 mm). A new and single 

monolith was used for experiments 

performed for each type of particle.  

The dummy monolith consists of an empty 

CIMacTM housing with two frits and a steel 

ring with a 3 mm channel instead of a 

monolith, which objective is to simulate the 

influence of the frits during chromatographic 

experiments.  

All the chromatographic experiments were 

performed on an Agilent Series 1100 System 

(Agilent, Waldbronn, Germany) consisting of 

a well plate automatic liquid sampler 

(WP ALS) for injection, a degasser, a 

quaternary pump and a diode array detector 

(DAD). The ChemStation for LC 3D systems 

(Rev. B. 04.03) software was used for data 

acquisition and control. The pulse response 

experiments were performed on the HPLC 

under non-binding conditions, with 50mM 

sodium phosphate buffer pH 7 for the silica 

particles and 50 mM sodium phosphate 
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buffer with 2 M NaCl, pH 7 for baculoviruses 

and VLP´s, at flow rates ranging from 0.1 to 

3 mL/min. For the initial flow rate of 0.2 

mL/min it was reduced to 0.1 mL/min after 6 

minutes and for all the other flow rates the 

reduction to 0.1 mL/min took place after 3 

minutes. 3 replicates of 50 µL of particle 

suspensions were injected to the bypass, to 

the dummy-monolith and to the CIMacTM 

SO3 monolith. Furthermore, 50 µL of buffer 

was injected after each run, at the same flow 

rates, in order to acquire blank runs. UV-

signals were detected at 280 nm with 360 

nm as reference wavelength. The data 

obtained was subtracted by the 

corresponding blank run and was 

subsequently normalised to volume and 

numerically integrated, after the offset was 

corrected. 

The NanoSight measurements were 

operated with a NanoSight LM 10 

(NanoSight Ltd., Amesbury, UK) and the 

acquisition and analysis of the data was 

performed with NTA 2.0 Analytical Software. 

During the chromatographic experiments 

samples were collected after the particle 

injection and after the flow rate reduction to 

0.1 mL/min, which were then analysed by 

NanoSight, in order to obtain the values for 

the mean particle diameter and particle 

concentration in each sample.  During 

NanoSight analysis several variables and 

optical settings (e.g. brightness, Gain, Blur) 

are involved and can be modified by the 

operator, resulting in a high influence on the 

results obtained. In an attempt to attenuate 

this operator subjectiveness, for each 

particle size the settings were kept the same 

except for brightness for which two small 

variances were introduced in the video 

analysis. For the same purpose, each 

sample was measured in two different 

dilutions. 

3. Results and Discussion 

Pulse response experiments were 

conducted with several flow rates and 

different types of particles were injected in 

order to characterise their behaviour in the 

monolith and evaluate the existence of flow 

entrapment in each case. 

 50 µL injections of appropriate dilutions 

were performed for each particle 

suspension, and the injected material was 

measured with NanoSight in order to 

determine the amount of particles present, 

so that it would be possible to calculate the 

recovery after the experiments. In case of 

flow entrapment, the values for the first peak 

area and for the recovered particles after 

injection should decrease with increasing 

flow velocity, and the first peak moment 

should remain stable. Moreover, if the 

particles are reversibly entrapped, making it 

possible to recover them by mean of a flow 

rate reduction, a second peak will appear on 

the chromatogram. 

3.1 Silica Particles 

At first, the focus was to characterize the 

influence of the chromatographic system 

and the fritz on the results of the 

experiments. For that, the values of the peak 

areas and recovered particles obtained with 

the bypass and the dummy monolith were 

Figure 2: First peak areas obtained with the 

bypass and dummy monolith, after the injection 
of (A) 70 nm, (B) 100 nm and (C) 300 nm silica 
particles. 

A 

B 

C 
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analysed and represented in the following 

graphs.  

 

In what concerns the bypass experiments, 

the amount of detected and recovered 

particles always showed smaller values than 

the initially injected material, suggesting that 

the system itself has influence in the 

experiments. Some particles could be lost in 

the injection or during the needle wash with 

water that precedes it. Other possibility is 

that the particles stick to the surface of the 

capillaries. Furthermore, the results show 

that the fritz present in the housing of the 

CIMacTM SO3 monolith has an influence in 

the transport of the particles throughout the 

monolith, which results in a loss of 20% of 

injected material for the 100 nm silica 

particles and a loss of 5 to 10% considering 

the 300 nm silica particles. The transport of 

the 70 nm silica particles however does not 

seem to be affected by the fritz. In order to 

take the influence of the system into 

account, the data obtained with the dummy 

monolith was related to bypass experiments 

data, which represented the maximum 

amount of particles that could go through the 

dummy. The same relation was established 

for the CIMacTM SO3 analytical column, to 

take into account the influence of the fritz, as 

the data obtained with this monolith was 

related to the dummy experiments data, 

which were representative of the maximum 

amount of particles that could go through the 

monolith. In addition, the values obtained for 

the peak area in all the cases were 

expressed as percentage of particles 

recovered. The results obtained are 

represented in Figure 4. 

 

For the 70 nm particles, there seems to be 

flow entrapment, mainly with flow rates 

higher than 1 mL/min, where it is possible to 

see a slight decrease of the recovered 

particles comparing to the lower flow rates. 

To what concerns the 100 nm particles the 

flow entrapment is more noticeable, since 

the recovered particles are considerably 

reduced with the higher flow rates, reaching 

a value of only 15% at a flow rate of 2 

mL/min. It was expected a stronger effect of 

the flow entrapment with these particles 

since they are larger and therefore more 

Figure 3: Recovered particles measured by 

NanoSight, obtained with the bypass and dummy 
monolith, after the injection of (A) 70 nm, (B) 100 
nm and (C) 300 nm silica particles.  A 

B 

C 

A 

B 

C 

Figure 4: Recovered silica particles after 

injection, calculated with the values of the peak 
area (A) and obtained via NanoSight 
measurements (B). Values corrected taking into 
account the influence of both the system and the 
fritz in the chromatographic experiments. 

A 

B 
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likely to get entrapped in the small 

constrictions of the monolithic pores. For the 

300 nm the data leads to the conclusion that 

the particles are too large to go through the 

monolithic media and all the recovered 

particle values appear to be around 0%. 

To make sure that there were no undesirable 

influences in the chromatographic 

experiments, and that these were effectively 

conducted under non-binding conditions, it is 

important to observe the first peak moments 

of all the chromatograms (Figure 5).  

For the experiments with the 70 and 100 nm 

silica particles, the values for the first peak 

moments remain considerably stable, and 

the ones obtained for the monolith do not 

appear to be higher than the ones obtained 

with the bypass and the dummy, which 

indicates that the experiments where 

successfully performed under non-binding 

conditions. As to the 300 nm silica particles, 

the first peak moment for the experiments 

with the monolith doesn´t appear very stable, 

because since there are no elution peaks it 

is highly influenced by the noise in the 

detector. 

Furthermore, when the flow rate is reduced 

to 0.1 mL/min, a second peak is obtained. 

The respective area and recovered particles 

are represented in Figure 6.  

 

For the 70 nm silica particles, this graph 

suggests that the values for the recovered 

particles after the flow rate reduction 

increases with the higher flow rates, what 

could mean that there is a crescent amount 

of particles getting convectively entrapped in 

the monolith, which are able to elute after the 

flow rate is reduced to 0.1 mL/min, when the 

diffusive effects become dominant. The 

same phenomenon is observed for the 100 

nm silica particles, but in this case a much 

higher amount of particles seem to elute 

after the flow rate reduction, since that for 

the flow rates of 1, 1.5 and 2 mL/min only 

around 10% of the particles are recovered 

after injection, and approximately 35% are 

recovered after flow rate reduction. These 

A 

B 

C 

Figure 5: First peak moments obtained for the 

chromatograms relative to the experiments with 
(A) 70 nm, (B) 100 nm and (C) 300 nm silica 
particles. 

Figure 6: (A) second peak area and (B) 

Recovered particles after flow rate reduction, 
calculated based on NanoSight measurements of 
the samples collected. 

A 

B 
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results help to support the existence of flow 

entrapment for these particles. To what 

concerns the 300 nm particles, the values for 

the recovered particles after flow rate 

reduction seem to be around zero for all the 

monolith experiments, which goes according 

to what was concluded before, these 

particles do not go through the monolithic 

column at all. 

In order to analyse if there was total recovery 

of all the entrapped particles in the monolith 

via the flow rate reduction, the particles lost 

within the monolith were represented with 

the particles recovered after the flow rate 

reduction (Figure 7).  

It is possible to observe that only a fraction 

of the silica particles entrapped in the 

monolith was recovered after the flow rate 

reduction to 0.1 mL/min. To what concerns 

the 70 nm silica particles, at the flow rates 

from 1.5 to 3 mL/min, in which the flow 

entrapment phenomenon starts to take 

place, only approximately 20% of the initially 

lost particles are recovered after the flow 

rate reduction. For the 100 nm particles, this 

value ranges from 30% for the 0.2 mL/min 

flow rate to almost 50% for the 1 mL/min flow 

rate. This could be explained due to the fact 

that the silica particles are considerably rigid, 

what would make it possible for them to 

damage the monolith and get permanently 

and irreversibly clogged in its pores. 

Furthermore, the flow rate reduction and 

consequently the upstream diffusion would 

not be enough to recover all the particles. 

Moreover, the results obtained with the 

NanoSight measurements of the samples 

collected during the chromatographic 

experiments over the monolith were 

represented versus the Peclet number, to 

relate the recovered particles with the 

expected flow behaviour expressed by this 

number (Figure 8).  

A 

B 

Figure 7: Particles lost in the monolith and 

particles recovered after the flow rate reduction 
during the 70 nm silica particle experiments (A) 
and the 100 nm silica particle experiments (B). 

Figure 8: (A) Recovered particles after the 

injection during the chromatographic experiments 
with the 70 nm, 100 nm and 300 nm silica 
particles plotted versus the corresponding Peclet 
number, (B) Recovered particles after flow rate 
reduction during the chromatographic 
experiments with the 70 nm, 100 nm and 300 nm 
silica particles plotted versus the corresponding 
Peclet number. The vertical red line represents 
the threshold, above which the convective 
transport in the monolith becomes dominant over 
the diffusive, hence there should be expected 
flow entrapment of the particles. 

A 

B 
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In theory, it would be expected that the flow 

entrapment of the particles took place in 

conditions corresponding to a Pe > 1, when 

the convective transport in the monolith 

overcomes the diffusive transport. 

Considering this, for the 70 nm particles the 

entrapment should start to occur between 

the flow rates of 1 and 1.5 mL/min, when the 

Peclet number changes from 0.81 to 1.21 

respectively. It is possible to observe that the 

decrease in the recovered particles after 

injection for the 70 nm particles, that reaches 

almost 30% at flow rate of 3 mL/min (Pe: 

2.42) comparing to the lower flow rates with 

Pe much smaller than 1. This decrease 

appears to start before the threshold, but 

appears more noticeable with the higher flow 

rates, and therefore Pe larger than one, like 

expected. It is also possible to observe that 

the recovered particles after flow rate 

reduction tend to increase when the 

experimental conditions result in a Pe close 

to or higher than one, however it is a slight 

increase. These particles are interesting 

because within these experimental 

conditions it is possible to reach the 

turnover, where the convective transport 

becomes dominant, and the results show 

what seems to be the beginning of the flow 

entrapment phenomenon. For the 100 nm 

particles it is much more noticeable that the 

recovered particles after the injection 

decrease considerably with the higher flow 

rates, since with a flow rate of 2 mL/min (Pe: 

11.75) only approximately 14% of the 

particles are recovered. The recovered 

particles after flow rate reduction also show 

a considerable increase, and at the higher 

flow rates stabilize at about 35%. This data 

shows that there seems to be flow 

entrapment with the 100 nm particles to a 

point that almost no particles make it through 

the monolith at the higher flow rates. For the 

300 nm particles like it was observed before, 

no particles are able to move through the 

monolith at all, which goes according to 

expected since in these experiments, with 

the defined conditions, the Pe ranges from 

4.87 to 97.39, what suggests flow 

entrapment for all the flow rates used. 

3.2 Baculovirus 

The baculovirus and VLPs experiments 

were performed with 50 mM sodium 

phosphate 2 M NaCl buffer, in order to 

ensure non-binding conditions. It was not 

possible to measure the baculovirus 

samples with the NanoSight, because due to 

their rod shape, when they rotate in the 

suspension different signals are 

intermittently detected by the equipment, 

which results in incomplete traces of the 

motion tracks, not allowing to obtain the data 

required to calculate the concentration of 

viruses. Given this, the results are based on 

the peak area of the chromatogram 

obtained, and like in the previous case, there 

were performed a system and dummy 

correction of the results, and the peak are 

was transducted to percentage of recovered 

particles. The results are shown in Figure 9. 

 

Figure 9: (A) First peak moment of the 

experiments performed with the baculoviruses, 
(B) Recovered baculovirus after injection, 
calculated with the values of the peak area, 
corrected taking into account the influence of both 
the system and the fritz in the chromatographic 
experiments. 

With these results it is possible to observe 

that for the majority of flow rates, the particle 

recovery shows to be around 40%, indicating 

that a considerable fraction of the injected 

baculovirus material remains in the column. 

However, since the values remain almost 

constant for the flow rates ranging from 0.5 

A 

B 
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to 3 mL/min it cannot be considered a flow 

dependent entrapment. The apparent loss of 

virus material in the monolith could be 

explained by partial binding to the column. 

However, the values of the first peak 

moments for the monolith experiments are 

very close to the values for the dummy, 

consequently also the retention time, which 

indicates that the experiments were 

effectively performed under non-binding 

conditions.  

However, there was detected a second peak 

after the flow rate reduction, and the 

calculated peak areas are shown in Figure 

10. 

However, the peak area is small and the 

values seem to remain constant for all flow 

rates, making this data not suitable for viable 

conclusions.  

3.3 Virus-Like Particles 

The experiments with the VLPs were also 

conducted with 50 mM sodium phosphate 2 

M NaCl buffer, to ensure non-binding 

conditions. The results are shown in Figure 

11. 

 

 

 

 

 

 

 

 

Figure 11: (A) First peak moment of the 

experiments performed with the VLPs, (B) 
Recovered VLPs after injection, calculated with 
the values of the peak area, corrected taking into 
account the influence of both the system and the 
fritz in the chromatographic experiments, (C) 
Peak area of the second peak of the 
chromatograms for the VLP´s, obtained when the 
flow rate is reduced to 0.1 mL/min, for each initial 
flow rate. 

Similar to what was observed for the 

baculovirus, the recovered VLPs after 

injection appear to be around 30-40% for all 

the working flow rates, remaining 

approximately constant, showing only a 

slight decrease. This fact suggests that the 

VLPs behave similar to the baculovirus, 

since there seems to be a form of 

entrapment that retains the particles inside 

the monolith, but this phenomenon is not 

Figure 10: Peak area of the second peak of the 

chromatograms for the baculoviruses, obtained 
when the flow rate is reduced to 0.1 mL/min, for 
each initial flow rate. 

 

A 

B 

C 
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considerably influenced by the flow rate. The 

value of the first peak moments for the 

monolith experiments appear stable and 

similar to the ones relative to the dummy 

experiments, which again indicates that the 

experiences occurred under non-binding 

conditions. There seems to be a second 

peak, obtained after the flow rate reduction, 

which apparently increases with the flow 

rates. On the other hand, the values are very 

low and the standard deviation is really high, 

making the data not very reliable. 

4. Conclusions 

A flow dependent entrapment phenomenon 

was observed for the 70 nm silica particles, 

with the values for the first peak areas and 

the recovered particles after injection 

suffering a slight reduction with the 

increasing flow rates. This decrease was 

noticeable mostly after the threshold for the 

Peclet number was surpassed, between the 

flow rates of 1 and 1.5 mL/min (Peclet 

number of 0.81 and 1.21 respectively) 

meaning that in theory the convective 

transport became dominant over the 

diffusive transport. Furthermore, the 

recovered particles after flow rate reduction 

increased also with the higher flow rates, 

which helps supporting the idea of flow 

entrapment existence, since the particles 

that were trapped managed to move out of 

the constrictions and elute after the 

reduction of the flow rate. A more intense 

flow dependent entrapment was observed 

for the 100 nm particles, as expected, since 

with these larger particles the Peclet number 

in the working conditions ranged from 0.59 

to 11.75.  However, not all the entrapped 

particles were recovered after flow rate 

reduction, in fact, a considerable amount of 

particles seemed to remain inside the 

column, not being able to elute. The 300 nm 

silica particles were not able to pass through 

the monolith, not being recovered in any 

case, not even with the lowest flow rate of 

0.1 mL/min. 

For the bio particles, the results showed that 

there seems to be entrapment of some sort 

inside the monolithic media, but the values 

for the first peak area and for the recovered 

particles after injection remain almost 

constant at all the working flow rates. 

One possible explanation to the results with 

the silica particles is that these particles are 

rigid and at high flow rates they can damage 

the monolith and get permanently clogged 

inside the pores.  On the other hand, the 

viruses and VLPs are more flexible and able 

to deform, which allows them to squeeze 

through the pores, and the high flow rates 

might contribute to this rather than to a flow 

entrapment behaviour. In conclusion, there 

are evidences of a flow dependent behaviour 

of the silica particles in the monoliths, what 

could contradict the idea that transport in 

monoliths is independent of the flow. 

However silica particles do not seem to be 

the best approximation as a model to predict 

chromatographic behaviour of bioparticles, 

since the baculoviruses and VLPs seem to 

behave differently inside the monolithic 

media, where it is possible to notice a sort of 

entrapment, but not a flow dependent one.  
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