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ABSTRACT: In this study, confined impinging liquid jets are used to produce nanoparticles of 

carbamazepine (CBZ). The effect of operating parameters, such as the kind of solvent,  

CBZ concentration, flow rate of solution and antisolvent on particle size, are experimentally investigated. 

The Scanning Electron Micrograph (SEM) photomicrographs show that nanodrug with smaller 

particle is achievable by using solvent with more supersaturation. Meanwhile, decreasing 

concentration causes the production of smaller particles in the range of 430 to 190nm and  

by increasing flow rate of solution, the particle size increases from 240 to 340 nm. Furthermore,  

the physical states of particles are investigated by Differential Scanning Calorimetry (DSC) test. 
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INTRODUCTION 

In the pharmaceutical industry, formulation development 

of poorly water soluble drug represents a challenging 

problem [1-3]. The main advantages of nanosuspensions 

are their small particle size and increased surface which 

in turn lead to increased dissolution rate and improved 

bioavailability[2,3].Techniques of drug nanosuspension 

preparation can be categorized into two principle classes: 

top-down and bottom-up technologies. The “top-down” 

technologies are the mechanical processes of larger drug 

particles, such as milling and homogenization (high-pressure 

homogenizers). The “bottom-up” technologies begin with 

the molecules which are dissolved and then precipitated 

through antisolvent such as SuperCritical Fluid (SCF) 

technology, spray-freezing into liquid process, 

Evaporative Precipitation Into aqueous Solution (EPIS) 

and confined impinging liquid jets [4,5]. It should be 

mentioned that some drawbacks of “top-down” 

technologies are time and intensive-energy consumption,  

 

 

 

introduction of impurities, inadequate control of particle 

size and electrostatic effects. So, “bottom-up” technology 

promotes greater interest toward creation of nanoparticles 

[1,2,6]. Many techniques have been utilized to reduce  

the particle size, such as jet-milling, pearl-ball mills, 

supercritical fluids, spray drying, liquid precipitation, etc. 

Jet-milling as well as pearl-ball mills is a common way  

to micronized the particles. However, these techniques 

show several disadvantages, such as inefficiency due to 

the high energy input as well as poor control of particle 

size, morphology and surface properties [1,7-10]. 

Supercritical fluid techniques and spray drying are believed 

to be attractive methods for the size reduction, 

providing particles with narrow size distribution [11-14]. 

In addition, impinging jets is one of the methods of 

producing nanodrug particle. In this method, drug 

solution and antisolvent impinge through two nozzles  

in which antisolvent is a factor that causes drug particles  
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Fig. 1: CBZ molecular structure [10]. 

 

precipitate in the form of small particles. As confined 

liquid impinging jets is a single-pass process; therefore, 

only mixing can occur. So precipitation of the compound 

must be completed as soon as possible after mixing.  

If solute depletion during nucleation and crystal growth  

is incomplete, secondary crystallization and future growth 

occur [4-7]. 

In previous works that have been used on various 

drugs using bottom-up methods, the effect of parameters, 

such as concentration, flow rate of solvent , flow rate of 

anti solvent, temperature, stirring speed, nozzle diameter 

and the kind of solvent have been studied. Analysis  

of parameters effect shows that two phenomena  

of nucleation and growth are important and the crucial 

crystal properties such as size, morphology and purity  

are dependent on the rate, largeness and uniformity of 

supersaturation generated during the process of 

crystallization [1,3,8]. Moreover, in some methods of 

bottom-up, such as using impinging jets, residence time 

has changed by changing flow rate of solvent and 

antisolvent and has influenced on the phenomena of 

supersaturation and particles size[5-9]. 

In this research, the effect of some noted parameters, 

such as the kind of solvent, concentration, flow rate  

of solvent and anti solvent to decrease particle size using 

impinging jets, are investigated. 

Carbamazepine is a kind of anti epileptic drug,  

an anticonvulsant and specific analgesic for trigeminal 

neuralgia. CBZ is efficient in tonic-clonic seizures acting 

through the blockade of sodium channels in the neuronal 

membrane[10]. It is white to off-white powder, almost 

odorless, exhibits polymorphism, and belonging to the 

derivatives of dibenzazepine. It works by reducing 

abnormal electrical activity in the brain. It is 

characterized by strong lipophilicity; also, about 70–80% 

of the drug with proteins [11]. Its chemical name and 

formula of CBZ are 5H-dibenz azepine-5-carboxamide 

and C15H12N2O, respectively. The CBZ molecular 

structure has been shown in Fig. 1 [10]. It is a drug with 

low aqueous solubility and high dissolution in alcohol 

and acetone.  

 

EXPERIMENTAL  SECTION 

Materials 

The raw material of CBZ was provided from Arastoo 

pharmaceutical company. Methanol and ethanol (purity %99) 

were purchased from Merck company representation. 

Deionized water was selected as antisolvent.  

 

Experimental setup 

According to Fig. 2, the experimental set up included 

two peristaltic pumps that the solvent and antisolvent  

was pumped from opposite directions and impinged  

in the reactor. The reactor was constructed of two narrow jet 

with equal diameter and entire process was visible due  

to the transparent reactor structure. First, the different 

concentration of drug solution was prepared by mixing 

raw CBZ in solvents and then impinged by antisolvent  

in the reactor at various flow rates. The supersaturated 

mixing of solution-antisolvent stream was added to  

a deionized water container that with vigorously stirring 

using a magnetic stirrer was uniform, stable and led  

to precipitation of particles. After that, the produced sample 

from above processes was dried and analyzed to achieve 

its properties [5]. 

 

Supersaturation 

After impinging antisolvent and drug solution,  

the nucleation starts. The driving force in nucleation is high 

and quick supersaturation; which means more nucleation 

is the result of higher and faster supersaturation [1].  

The relation between supersaturation, concentration,  

and equilibrium solubility is defined as: 

eq

C
S

C
                                                                          (1) 

Where S, C, and Ceq are supersaturation, the actual 

concentration of CBZ in the solution and the equilibrium 

solubility of CBZ in mixture of solvent and antisolvent, 

respectively. It is clear that in a constant drug concentration, 

the equilibrium solubility intensively decreases,  

so the supersaturation according to Eq. (1) is increased [12-14].  
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Fig. 2: Schematic diagram of impinging jets set up. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Equilibrium solubility according to solvent/antisolvent. 

 

 

In this paper, solubility of CBZ in the solvent and 

solvent/water mixtures was measured using an UV-based 

approach. CBZ was added into a beaker containing 

different ratio of solvent and antisolvent. The obtained 

solution was stirred for 4h using a magnetic stirrer.  

A certain amount of sample was filtered, and analyzed  

by an Agilent UV–visible spectrophotometer.  

 

RESULTS AND DISCUSSION 

Some effective parameters, such as kind of solvent, 

drug concentration, flow rates of solvent and anti solvent 

are investigated in this study. In the study of effect of 

solvent kind, methanol and ethanol have been used  

as solvents and the flow rates of solvent and antisolvent  

is changed from 20mL/min to 60ml/min and 120mL/min 

to 160mL/min, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Supersaturation ratio according to different solvent-

antisolvent ratio. 

 

Effect of solvent kind on particle size 

In this paper, methanol and ethanol were used  

as solvents in order to compare the effects of solvents  

on size and the morphology of particles. Equilibrium 

solubility and supersaturation of solvents were plotted 

versus different values of solvent-antisolvent ratio  

in Figs. 3 & 4, respectively. According to Fig. 3,  

the equilibrium solubility of drug in both solvents  

has increased by increasing the solvent-antisolvent ratio. 

Furthermore, the equilibrium solubility of methanol  

has been more than the equilibrium solubility of ethanol 

in the every ratio of solvent-antisolvent. Supersaturation of 

different solvent-antisolvent system has been calculated 

based on the values of equilibrium solubility of Fig. 3 

using Eq. (1) [1] and has been shown in Fig. 4. It is  
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Table 1: Effect of kind  of solvent. 

Average particle size 

(nm) 

Antisolvent 

volume (mL) 

Solution flow rate 

(mL/min) 

Antisolvent flow rate 

(mL/min) 
Sol/anti ratio 

Drug concentration 

(mg/mL) 
solvent Fig. (5) 

190 500 60 420 1/7 10 ethanol B 

400 500 60 420 1/7 10 methanol C 

511 500 20 140 1/7 10 ethanol D 

677 500 20 140 1/7 10 methanol E 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: SEM photographs of (A) unprocessed CBZ; and B, C, D and E, processed CBZ according to Table 1. 

 

clear from this figure that the supersaturation has decreased 

with increasing the ratio of solvent-antisolvent.  

The supersaturation of the ethanol-deionized water 

system has been higher than the methanol-deionized 

water system in every ratio of solvent/antisolvent.  

The particle size of nano-drugs for two different flow 

rates of solvents and antisolvent and a constant ratio  

of Solvent/antisolvent of 1/7 are given in Table 1.  

The Scanning Electron Micrographs (SEM) of drug 

before and after jet mixing process based on Table 1 for both 

solvents have been shown in Fig. 5. It is clear from this 

figure that ethanol has produced smaller particles than 

methanol. This results can be achieved by the information 

of Fig. 4 according to higher value of supersatuaration 

ratio (S) for ethanol. 

 

Effect of drug concentration  

According the mentioned results, ethanol has been 

produced nanodrugs with smaller particles than 

methanol; therefore, in this section the effect of 

concentration of CBZ ethanol solution was used. 

According to Table 2, the drug concentration varying 

from 10 to 27mg/mL has been considered, while other 

effective parameters, such as solution flow rate, 

antisolvent flow rate, and Solvent/antisolvent ratio,  

are fixed. Fig. 6 illustrates the effect of CBZ 
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Table 2: Effect of concentration. 

Average  

particle size (nm) 

Antisolvent 

volume (mL) 

Solution flow 

rate (mL/min) 

Antisolvent flow rate 

(mL/min) 
Sol/anti ratio 

Drug concentration 

(mg/mL) 
solvent Fig. 7 

190 500 60 420 1/7 10 ethanol A 

210 500 60 420 1/7 20 ethanol B 

430 500 60 420 1/7 27 ethanol C 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Particle size changes versus concentration increases. 

 

concentration in ethanol/water mixture on the size of 

particles based on the results of Table 2. It is clear 

from Fig. 6, the particle size has obviously increased 

by increasing the CBZ concentration. In addition,  

the rate of increase in particle size for the first part  

of this figure is much greater than the second part. 

It should be noted that high drug concentration has led 

high supersaturation which in turn results in a faster 

nucleation rate and thereby produces nanodrugs with 

smaller particles. Moreover, particle growth potential 

increases by higher supersaturation at high drug 

concentration [15-18]. So the large number of formed 

nuclei lead to aggregate and formation of larger nanoparticles. 

On the other hand, the viscosity of drug solution 

increased with the increasing of concentration, which 

hindered the diffusion between solution and anti-solvent 

and thus resulted in non-uniform supersaturation. The same 

phenomenon was observed by other researchers [ 14-16]. 

The SEM micrographs of these experiments are shown  

in Fig. 7. 

 

Effect of flow rate of both solution and antisolvent  

In this section, the effects of flow rate of both solution 

and antisolvent have been investigated by some 

experiments which parameters are given in Table 3.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: SEM photomicrographs of CBZ prepared at different 

concentration of CBZ (A) 10 mg/mL; (B) 20 mg/mL;  

(C) 27mg/mL. 
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Table 3: Solution/antisolvent Flow rate effect characteristic. 

Average  

particle size (nm) 

Antisolvent 

volume (mL) 

Solution flow rate 

(mL/min) 

Antisolvent flow 

rate (mL/min) 
Sol/anti ratio 

Drug concentration 

(mg/mL) 
solvent Fig. 8 

240 500 60 420 1/7 20 ethanol A 

210 500 100 700 1/7 20 ethanol B 

340 500 100 420 1/4.2 20 ethanol C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: SEM micrographs of CBZ prepared at different  

flow rates of CBZ ethanol solution/antisolvent (A) 60:420;  

(B) 100:700 mL/min; (C) 100:420 mL/min. 

The increasing of flow rates of both solution and 

antisolvent in an equal ratio of solution/antisolvent (cases 

(A) and (B) in Table 3) has led nanodrugs with smaller 

particles. SEM micrographs of these experiments  

are shown in Figs. 8A and 8B. This behavior is attributed 

to the higher supersaturation level achieved at higher 

flow rates due to enhanced mixing [7,12]. 

It is clear from this table when the overall flow rate 

has increased from 1/4.2 to 1/7, the particle size  

has decreased from 340 to 240 nm (case A and C in Table 3). 

According to Fig. 4, the increasing of ratio of 

solvent/antisolvent has led to more supersaturation ratio 

which in turn causes to generate more nuclei in the output 

of impinging zone. Due to increasing of nucleation,  

the particle size decreases [18-21]. 

The Size distribution of particles is an important  

factor to uniformity behavior of nanodrugs. As can be seen 

from Fig. 5A, the raw CBZ consists of irregularly shape 

and completely non-uniform particle size, while  

for processed CBZ has uniform particle size and regular 

shape as shown in Fig. 8. The particle size distribution  

of SEM micrographs of Figs. 8A & 8C is given  

in Figs. 9A & 9B, respectively. 

Based on Fig. 9A, the average particle size has been 

240 nm and 95% of the particles have been distributed  

in the range of 150-350 nm. Fig. 9B shows that average 

particle size has been 340 nm for SEM picture of Fig. 8C 

and 97% of the particles have been distributed  

in the range of 250-550 nm. 

 
DSC test 

Fig. 10 shows the thermograms of both the raw 

(unprocessed) and processed drug nanoparticles acquired 

by DSC thermal analysis in a range of temperature 

between 20°C and 200 °C. The samples were equilibrated 

at 20°C for half an hour to ensure the temperature 

stability in sample crucible followed by heating at 

10°C/min under N2 atmosphere. The calibration of  
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Fig. 9: Histogram and cumulative distribution function of particle size of CBZ for, (A) figure (8B) and, (B) figure (8C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: DSC thermograms of unprocessed (raw) and 

processed CBZ particles. 

 

temperature and heat flow was performed with standard 

indium samples. 

It is quite evident that the raw CBZ demonstrate  

a sharp melting peak  of bulk CBZ at 191.5°C accompanied 

with a shallow endothermic peak around 169°C most 

likely due to impurities imposed by drug synthesis. 

Moreover the same result has been reported for 

unprocessed CBZ in [10]. In contrast, the processed CBZ 

nanoparticles show a melting endotherm about 189.5°C 

with dramatic decrease in peak area. The modest decrease 

in melting point occurrence can be attributed to smaller 

particle size for CBZ material after processing.  

The significant decrease in peak area for processed CBZ 

also supports the hypothesis of lower particle size for 

processes material. In addition, this phenomena can be 

explained by the fact that the higher nucleation rate,  

the lower time available for particle incorporation while 

crystal lattice growing. As a consequence, the lower peak 

area can be expected as it has been reported in literature 

[10, 23-25]. Moreover, the peak depletion at 169 °C  

for processed CBZ is a good evidence for effective removal 

of impurities during treatment process. It is worth to note 

that the treatment process imposes a solvent residue 

which indicates by an evident broad endothermic peak 

around 69.4°C. 

 

CONCLUSIONS 

In this study, first ethanol and methanol have been used 

as solvents for the production of CBZ nanoparticle.  

Since the solubility of ethanol is higher than methanol,  

by increasing supersaturation (in CBZ ethanol solution), 

particle size has decreased according to SEM micrographs. 

It has been shown that the average particle size of CBZ 

has significantly increased from 190 to 430nm  

by concentration increase and the solution flow rate.  

The particle size decreased from 340 to 240nm  

by increasing in solution/antisolvent ratio. The DSC test  

has been shown that the melting points and the peak 

height of produced nanoparticles have decreased,  

so particle crystalline structure for produced nanoparticles 

has decreased. 
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