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A B S T R A C T  
 

 

The particle size control of drug is one of the most important factors affecting the efficiency of the 

nano-drug production in confined liquid impinging jets. In the present research, for this investigation 
the confined liquid impinging jet was used to produce nanoparticles of Carbamazepine. The effects of 

several parameters such as concentration, solution and anti-solvent flow rate and solvent type were 

investigated. So far no analytical and acceptable model has been provided to predict the 
Carbamazepine particle size in confined liquid impinging jets. In this study the variables affecting the 

size of the particle became dimensionless using the dimensional analysis then by solving the equation 

with singular value decomposition method, a simple dimensionless relation was obtained for this 
process. Moreover, using the genetic algorithm the coefficients of dimensionless parameters were 

optimally extracted to minimize the error between the model and the laboratory outputs. The 

determination coefficient of the equation obtained by singular value decomposition method and the 

improved equation using genetic algorithm were obtained as 0.5291 and 0.5697, respectively. For such 

a complex experimental system, the accuracy of the obtained equations in spite of their simplicity is 

acceptable. The obtained results were compared with the results of the neural network model. The 
results showed that despite the higher precision of the obtained relations by the neural network, the 

relations obtained by singular value decomposition can be used as a simple method using the 

dimensionless parameters with acceptable acuracy to predict the particle size in confined liquid 
impinging jets. 

doi: 10.5829/idosi.ije.2017.30.03c.01 
 

 
1. INTRODUCTION1 
 

Poor drug solubility is one of the major problems that 

limits the development of highly potent pharmaceutics. 

Low solubility of the drug leads to low oral 

bioavailability and erratic absorption which is closely 

related with class II drugs of the biopharmaceutical 

classification system (BCS). In general, the limiting step 

for the absorption of drugs in this class is the dissolving 

speed which is impressed by the low solubility. 

Although drugs have high permeability, low solubility 

results in a low concentration gradient between the gut 

and the blood which limits the drug delivery and oral 

absorption. Therefore one of the most challenging 

problems in drug development is to improve the 

                                                           

1*Corresponding Author’s Email: s_ashraf@guilan.ac.ir (S. S. Ashraf 
Talesh) 

solubility of drugs to enhance their bioavailability [1, 2]. 

There are several strategies available to overcome this 

problem. Among them, the drug particle size reduction 

is known as an effective way to improve the 

bioavailability of hydrophobic drugs [3, 4]. The reduced 

particle size leads to an increase in the ratio of surface 

area to volume which increases the solubility and 

saturation solubility. So there is a strong motivation to 

develop the general techniques to produce medical 

nanoparticles. Nanoparticles can be generated by the 

bottom-up or top-down approaches. The top-down 

methods include fragmentation of larger particles by 

wet milling or jet and homogenization using rotor stator 

or high pressure homogenization [5, 6]. In contrast, 

bottom-up approach involves gathering and sediment 

control at the nanoscale, which is often more 

challenging. Bottom-up techniques include building the 

particles by the molecules in a solution that contains 
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supercritical fluid technology, spray-freezing/ 

evaporation in liquid and anti-solvent sedimentation 

technology [7, 8]. Among the various methods for 

reducing the particle size, the anti-solvent precipitation 

process is a simple and efficient method for producing 

nano-sized particles by introducing an organic solution 

containing a drug substance into an anti-solvent (e.g. 

water). The main advantage of precipitation method is 

using inexpensive and simple equipment. One of the 

main limitations of this method is selecting a solvent 

that dissolves the drug but is not miscible with anti-

solvent [9-11]. The confined liquid impinging jets 

(CLIJ) were used in order to produce sub-micron and 

nano-sized particles using an anti-solvent precipitation 

liquid. The method involves mixing two reactive fluid 

flows in a confined mixing chamber, without using any 

external mechanical mixing. CLIJ previously has been 

used for the deposition of pharmaceutical compounds 

[12-14]. In most of the earlier investigations, the particle 

size of drugs was usually evaluated by several 

parameters. In this research, Carbamazepine 

concentration, solvent type (S) and antisolvent (AS), the 

volume ratio and the order of addition of solvent–anti-

solvent mixing are some of these parameters [2, 15]. 

Carbamazepine as a poorly soluble drug has been 

considered in different aspects by researchers. 

Carbamazepine is a type of anti epileplic drug, white to 

off-white powder, an anti-convulsant and specific 

analgesic for trigeminal neuralgia. Its chemical name 

and chemical formula are 5H-dibenz azepine-5-

carboxamide and C15H12N2O, respectively [16]. Wang et 

al. conducted production and characterization of 

Carbamazepine nanocrystals using electro-spray method 

for continuous pharmaceutical production [17]. Also, 

Sotelo et al. investigated the adsorption modeling of 

Carbamazepine in fixed bed columns [18]. It should be 

noted that our searches showed that so far no studies 

have been done on particle size modeling of 

Carbamazepine.  

In this research, modeling and prediction of particle 

size of Carbamazepine was considered for the first time. 

In this way, firstly the variables that affect the size of 

Carbamazepine nanoparticles became dimensionless by 

the method of dimensional analysis. Then, using 

singular value decomposition (SVD) method the 

coefficients of the equation were obtained in a manner 

that minimized the error between experimental data and 

model output. Also, genetic algorithm was used to 

optimally find the coefficients of this equation and 

improve its accuracy. The comparison of the two 

models indicated the priority of the model of genetic 

algorithm.  

 

2. MATERIALS AND METHODS 
 
2. 1. Materials        Carbamazepine was prepared by 

the Arastou pharmaceutical company. 99% pure 

methanol was purchased from Merck, Germany. In all 

experiments deionized distilled water was used as an 

anti-solvent. 

 
2. 2. Preparation of Carbamazepine 
Nanoparticles         In order to reduce the particle size 

of the drug to produce micro and nano particles in the 

impinging jet reactor, the solution containing the drug 

must be prepared. For preparation of the solutions, an 

accurate mass of the Carbamazepine drug was applied 

into volumetric flasks to achieve specific concentrations 

of Carbamazepine. All experiments were done at 298.1 

K. All weighting was carried out with an AND 

electronic analytical balance (model EK-610i) with an 

accuracy of ±0.001 g. The solutions were progressively 

added using a burette with accuracy of ±0.1 ml. The 

temperature of all containers was controlled by a water 

jacket maintained with an accuracy of within ±0.1 K 

that was checked with a digital thermometer (Lutron 

TM-917). All the experiments were repeated at least 

two times. The digital peristaltic pumps (Zistco model 

P466) with accuracy of ±0.1 ml/min were used for 

pumping solvent and anti-solvent in this process which 

were set very intently at presented volumetric flow 

rates. Each solution was individually placed on a 

magnetic stirrer and gently stirred until a homogeneous 

solution was obtained. Each of pump was set based on 

the desired discharge intently. Both pumps were turned 

on concurrently and after the desired flow was achieved, 

the timer was enabled and the container containing a 

certain amount of anti-solvent was placed in the outlet 

path of the reactor. After passing the required time, the 

pumps were turned off. Precipitation was a major step in 

the present experiment, because by reducing the driving 

force, high saturation prevented the excessive growth of 

the particles. For this purpose the deionized water which 

was used as anti-solvent was applied. Then the 

precipitation container was placed on the magnetic 

stirrer and stirred at 1200 rpm to make the smooth and 

stable product. The schematic of the experimental set up 

of this study is represented in Figure1. The solution 

concentration (CBZ mg/l), flow rate (ml/min) and anti-

solvent flow rate (mL/min) were set up to examine the 

effects of particle size.  
 

 

2. 3. Particle Size Measurement        Morphology 

and size of the particles was observed through SEM 

photomicrograph (JEOL, JSM-6701, Japan). The 

prepared samples were coated on gold using a BAL-

TEC|SCD 005 sputtering coater and applying 1kV 

voltage for 5 min. It should be noted that the ImageJ 

software (image processing program) was used for the 

reported particle size (yEXP) in Table 1. 

It should be noted that the ImageJ software (image 

processing program) was used for the reported particle 

size (yEXP) in Table 1. 
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Figure 1. Schematic representation of the experimental setup 

in this research 
 

 
TABLE 1. CLIJ experimental conditions: Carbamazepine 

concentrations (x1), the solution flow rate (x2), anti-solvent 

flow rate (x3) and the observed Carbamazepine particle size in 

methanol (yExp) 

Sample no. x1(mg/l) x2(ml/min) x3(ml/min) yExp(nm) 

1 27 60 420 727.661 

2 9 20 700 167.505 

3 30 60 420 850.998 

4 20 100 700 812.687 

5 18 60 140 422.641 

6 9 100 700 321.182 

7 20 20 140 327.005 

8 18 60 420 210.506 

9 27 20 700 298.088 

10 9 60 420 173.417 

11 27 100 140 1071.331 

12 20 60 420 169.461 

13 18 80 420 500.203 

14 9 20 140 206.239 

15 18 60 700 300.081 

16 27 20 140 698.581 

17 10 60 420 279.268 

18 20 20 100 694.594 

19 27 100 700 947.087 

20 18 20 420 226.381 

21 9 100 140 511.743 

 

 

By this software at least ten positions in every SEM 

image were marked for particle size determination. 

Then mean of these readings was calculated and 

reported in the Table 1 as yEXP. The uncertainty in the 

mean particle size was estimated to be ±0.001. The 

range of effective parameters in CLIJ experimental and 

observed particle size of Carbamazepine in methanol are 

presented in Table 1. In Figure 2, the SEM micrographs 

related to unprocessed Carbamazepine and processed 

Carbam-azepine (Table 1, row 17) are shown as a 

sample. From mentioned Figure, it can be found that the 

processed particles have more uniform and narrower 

size distribution than the initial drug. As can be seen in 

this Figure, the initial Carbamazepine consisted of 

irregular shape particles. In contrast, the prepared 

particles via precipitation process exhibited needle-like 

morphology and uniform particle size and distribution 

compared to unprocessed Carbamazepine [19].  
 

 

3. MODELING PARTICLE CARBAMAZEPINE SIZE 
USING SVD AND GENETIC ALGORITHM 
 

3. 1. Dimensional Analysis        Variables or physical 

quantities in any system can be presented as 

dimensionless groups. Although each group can appear 

different but the number of these groups are unique and 

depends on the number and nature of the system 

variables [20]. By detecting and classifying the 

dimensionless groups using a method called 

dimensional analysis each phenomenon can be 

formulated as a relationship between a set of 

dimensionless groups. Dimensional analysis using a 

compression method leads to remove the complexity 

and reduces the number of dependent and complex 

variables in a complicated process. 
 

 

 

 
Figure 2. SEM micrographs of (A) unprocessed 

Carbamazepine; and (B), processed Carbamazepine used 

methanol as solvent at concentration of solution 10 mg/ml, 

solvent flow rate 60 ml/min and anti-solvent flow rate 420 

ml/min 
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According to Buckingham π theorem, if a process 

depends on (m) variables, the classifiable independent 

dimensionless groups (k), must be equal to or less than 

(m-j) [21]. Where, j is the number of main dimensions 

(mass (M), length (L), time (T)) required for 

dimensional expression of variables. The formation of 

additional groups (more than m-j), leads to the 

formation of dependent groups that can be created 

among other groups through arithmetic operations. In 

this paper, the method of dimensional analysis due to 

the governing complications of the process was 

employed to find a simple model between input-output 

of this complex process.  
 

3. 2. Singular Value Decomposition (SVD)    

Generally the goal of modeling is to find a mathematical 

function by which it is possible to approximately predict 

and characterize the behavior of a real system.  So for M 

samples of these Multi-Input Single-Output couple data 

the following relation must apply: 

 1 2 3, , ,              1,2, ,i i i i iny f x x x x i M     (1) 

Now for each input determined vector: 

 1 2 3, , ,i i i i inx x x x X  (2) 

It is possible to predict the output values. 

 1 2 3, , ,   1,2, ,ˆˆi i i i iny f x x x x i M     (3) 

System identification and function determination should 

be done in a way that the squared difference between 

the actual and expected output would be minimal.  

 
2

1 2 3

1

ˆ , , , Min

M

i i i in i

i

f x x x x y



   
   (4) 

In modeling, the dimensionless parameters are formed 

using real physical variables of the system. The 

relationship between the dimensionless parameters is 

established by the function:  

  0 1 2 3, , ,  ,  1ˆˆ ,2, ,i i i i kif i M         (5) 

So the function is defined by the following equation [22, 

23]: 

 
2

1 2 3 0

1

, , ,ˆ ˆ Min

M

i i i ki i

i

f     



   
   (6) 

 

3. 3. SVD Application in Predicting the Size of the 
Carbamazepine Nanoparticle      Based on the 

experimental investigation and analyzing the factors 

influencing the size of Carbamazepine nanoparticle, the 

dependent and effective parameters on the particle size 

(yexp) were considered as x1, x2 and x3 where, 

Carbamazepine concentration (mg/ml), solution flow 

rate (ml/min), and anti-solvent flow rate (ml/min), 

respectively:  

 1 2 3, ,expy f x x x
 

(7) 

Regarding original size of the variables and the 

implementation of dimensional homogeneity law, three 

dimensionless groups were obtained according to the 

following equations: 

0
0

Π
Expy

y
  (8)  

1
1

Π eC

x
  (9)  

1
1

Π eC

x
  (10)  

where, the constant parameters, y0 and Ce are primary 

particle size and equilibrium concentration of 

Carbamazepine, respectively. Therefore, Equation (7) 

can be considered as follows: 

 0 1 2
0

Π Π ,Π
Expy

f
y

   (11)  

In order to extract the model we consider the following 

function: 

   0 1 2Π Π ΠC
 

  (12)  

In the above equation the unknown coefficients c, β and 

α were defined in a way that the least square error 

(Equation (6)) is satisfied. By taking the natural 

logarithm of both sides of (Equation (12)) we have: 

     0 1 2Π Π ΠLn Ln Ln      (13) 

where:    lnC   
Thus it is necessary to solve a system of linear algebraic 

equations involving K = 3 unknown and M equations 

(M the number of input and output couple data or the 

number of experimental tests).  

11 12 10

21 22 20

1 2 0

..

..

M M M

   

   

   

  


   


 

 


  

 (14) 

where: 

 ln   ,  1,2,  ,  1,2,3ij ij i M j      (15) 

The above equation system in which M>>K=3 can be 

presented as the following matrix form: 
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3 3 1 1M MA X Y    (16) 

where: T
X     , 10 20 0 

T
MY       , 

11 12

21 22

1 2

1

1

. . .

. . .

1 M M

A

 

 

 

 
 
 
 
 
 
 
 

 

Solving Equation (16) is subjected to the calculation of 

non-square matrix inverse. Therefore, to calculate the 

pseudo-inverse matrix A, the singular value 

decomposition method (SVD) has been used. 

In SVD method the abnormal matrix is decomposed 

into the product of a column orthogonal matrix, a 

diagonal matrix with positive or zero elements and 

transpose of an orthogonal matrix as: (K is the number 

of independent groups and M is the number of samples 

tested). 

TA UWV  (17) 

The goal is to select the optimal vector of coefficients in 

Equation (16) which involves finding the modified 

inverse diagonal matrix. Therefore, the reverse diagonal 

elements equal to zero or near zero 
j

1
0

w

 
  
 
 

 are 

equaled to zero. Then the optimized coefficient vector is 

obtained by the following equation [24, 25]: 

T

j

1
X V diag U Y

w

  
  

    

 (18) 

To obtain a simple model for prediction of 

Carbamazepine particle size, the data in Table 1 were 

used. The data became dimensionless being placed in 

Equations (8)-(10), then Equation (14) was formed 

according to Equations (11)-(13) by taking their 

logarithms. By solving this system according to 

Equation (19), 0.0822C  , 0.7845  and 1.1045   
were obtained. The Carbamazepine nanoparticle size 

can be presented as follows: 

1.10450.7845

2

0 1 3

0.0822 
Exp e

y C x

y x x


    

        
    

 (19) 

Here in order to improve the coefficients obtained the 

genetic algorithm was used to determine the coefficients 

of Equation (9) to minimize the squared error (Equation 

(6)). For this purpose the initial population size was set 

on 90 and the generation was adjusted to 150. The 

coefficients using a genetic algorithm are obtained as 

Equation (20). So the equation is as follows: 

0.88010.6802

2

0 1 3

0.0943 
Exp e

y C x

y x x


    

        
    

 (20) 

In Figures 3 and 4 the comparison between the 

experimental results and the results of the models 

obtained by the SVD method and improved SVD by 

genetic algorithms can be observed. As can be seen 

from these Figures, the value of R
2
 for the equations 

obtained by the method SVD and improved SVD by 

genetic algorithm were obtained equal to 0.5291 and 

0.5697, respectively. Both models have a very simple 

structure and using these models it is possible to assess 

the parameters influencing the process. Since in these 

equations the relative flow rate power of the solution 

(x2) to the anti-solvent flow rate is positive then 

increasing this ratio leads to increased particle size of 

the drug substance. Also since the exponent of this term 

is very close to 1, as a result for a constant concentration 

of Carbamazepine (x1), the relation between the ratio of 

the solution flow rate to the anti-solvent flow rate (x2/x3) 

is almost linear.  

Also it is obvious from these equations that the 

exponent of (x1) is positive so, the value of this 

parameter has a direct effect on the particle size. 

Therefore its increase leads to increased size of the 

particles. In both of these equations the exponent of the 

first dimensionless parameter is smaller than the 

exponent of the second dimensionless parameter. 

 

 

 
Figure 3. The experimental values based on the predicted size 

of the Carbamazepine nanoparticles by SVD method in 

methanol 
 

 

 
Figure 4. The experimental values based on the predicted size 

of the Carbamazepine nanoparticles by GA method in 

methanol 
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In the other words, the parameters x2 and x3 are more 

important than x1. For evaluation of the performance 

and overfitting investigation of achieved improved SVD 

model in this study, 200 samples (in the range of 

parameters change in Table 1) was generated and 

applied in the improved SVD (Equation (20)). As can be 

seen in Figure 5, results of this model, in spite of high 

simplicity, has acceptable distribution in prediction of 

particle size of Carbamazepine, which is very good 

evidence for applicability of the obtained model. 
 

 

4. PARTICLE SIZE MODELING USING THE GMDH-
TYPE NEURAL NETWORK 

 

In this section, the GMDH-type-NN was developed to 

model and predict the particles size of Carbamazepine at 

different operating conditions. Also for GMDH model, 

methanol solution flow rate, solvent flow rate, and anti-

solvent flow rate were considered as inputs of neural 

networks and particle size obtained from each 

experiment was chosen as the single output. However, 

in order to demonstrate the prediction ability of the 

evolved GMDH-type neural networks, the data were 

divided into two different sets, namely, training and 

testing sets. The training set, which consisted of 80% of 

inputs-output data pairs, was used for training the neural 

network models and the testing set consisted of 20% of 

unforeseen inputs-output data. Samples during the 

training process, were merely used for testing to show 

the prediction ability of such evolved GMDH-type 

neural network models during the training process. 

The developed GMDH-type-NNs were successfully 

used to obtain a model for the modeling of particle size 

of Carbamazepine in different solvent systems.  

The optimal structure of the developed two hidden layer 

GMDH-type-NNs are shown in Figure 6 corresponding 

to the genome representations of ‘‘abbbabac” for the 

methanol solution of Carbamazepinein which a, b, c and 

d stand for Carbamazepine concentration, solvent flow 

rate, anti-solvent flow rate and type of solvent, 

respectively. 
 

 
Figure 5. The generated random sample by improved-SVD 

model based on Equation (20) 

 
Figure 6. Developed structure of GMDH-type-NN model 
 

 

It can be seen from Figure 6, all input variables were 

used in modeling of this process. In the other words, the 

GMDH-type-NNs provide an automated selection of 

essential input variables, and build polynomial 

equations to model the particle size of Carbamazepine 

in different solvent systems. The polynomial equations 

of each GMDH-type neural network of Figure 6, are 

given in Table 2. 

The training, prediction and total errors GMHD-type 

neural network are presented in Table 3.  

As can be seen, the resulting equation from GMHD 

has a very complex structure compared to the SVD 

model. Figure 7 presents the comparison between 

experimental results and ANN model that has the 

correlation coefficient equal to 0.8484. It should be 

emphasized, however, that the neural network model 

has higher accuracy than SVD model, but due to high 

structural complexity it is not possible to analyze the 

impact of the parameters on the output. 

 

 
TABLE 2. Polynomial equations of the GMDH model for the 

prediction of Carbamazepine particle size 

1y   

1

2

2 1

2

2 1 2

555.342343856108 38.16546554294387

10.0954242606555 1.3480990381106

0.0807032581793  0.2988743728117

x

x x

x x x



 

 

 

2y   

1

2

3 1

2

3 1 3

28.6518283802871 10.4192197393437

0.308513356464367 0.975943515854235

0.000497957528657 0.046436040749499

x

x x

x x x



 

 

 

3y   

1

2

3 1

2

3 1 3

171.230703290514 0.9317418651762

0.6176716218401 0.0000584673355

0.0002944441805 0.000375569064

y

x y

x y x



 

 

 

4y   

2

2

1 2

2

1 1 2

115.858845584556 0.7577984459949

1.1056820973603 0.0021889667583

0.0011445926764 0.0027384622149

y

y y

y y y



  



 

5y   

3

2

4 3

2

4 3 4

40.7250990515188 0.822338191597658

1.84152324813505 0.010818529544017

0.00794238352234 0.018758102258278

y

y y

y y y

 

 

 
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TABLE 3. Network properties and errors of training and 

prediction 

Method 
Data sets 

No. 
Training 
error (R2) 

Prediction 
error (R2) 

Total 
error (R2) 

GMDH 1 0.9041 0.9422 0.8484 

 

 

 
Figure 7. Experimental value based on the predicted value of 

CBZ nanoparticle using neural networks GMDH in methanol 
 

 

Using the equation obtained by SVD and GA method 

the impact of the parameters can be investigated due to 

the simple structure. 

 

 

5. CONCLUSIONS 
 
In this study, dimensionless approach has been 

developed to predict the particle size of Carbamazepine 

based on achieved experimental data from confined 

liquid impinging jets. In this way, a combination of 

SVD and SVD-GAs has been used to derive the 

unknown parameters of proposed model. The effective 

parameters on Carbamazepine size included 

Carbamazepine concentration, solution flow rate, anti-

solvent flow rate and methanol as the solvent. The 

results showed that the developed relation by the 

dimensional analysis method, despite having a simple 

structure, had an acceptable accuracy. Then using the 

GMDH neural network an equation was obtained to 

predict the Carbamazepine particle size with a complex 

structure and high accuracy. Since no mathematical 

model to predict the Carbamazepine nano-drug particle 

size has been provided so far, the obtained equation 

using the dimensional analysis can be applied to predict 

the Carbamazepine particle size. 
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 هچكيد
 

 
کنترل اندازه ذرات ماده دارویی یکی از مهمترین فاکتورهایی است که در بازدهی تولید نانو دارو درجتهای مایع محدود 

شده تاثیر گذار است.  در این راستا در تحقیق حاضر، جتهای مایع محدود شده جهت تولید نانو ذرات ماده دارویی 

تاثیر پارامترهای مختلف از جمله غلظت، دبی حجمی حلال و ضد حلال و نوع   قرار گرفت. کاربامازپین مورد استفاده

حلال بررسی شده است. تاکنون هیچ مدل تحلیلی و قابل قبول برای پیشبینی اندازه ذرات کاربامازپین در جتهای مایع 

استفاده آنالیز ابعادی بی بعد شده و سپس  محدود شده ارائه نشده است. در این مطالعه متغییرهای موثر در اندازه ذره با

توسط حل معادله با استفاده از روش تجزیه مقدار منفرد، یک رابطه بی بعد ساده،  برای این فرایند بدست آمد. علاوه بر 

ت این، با استفاده از ژنتیک الگوریتم ضرایب پارامترهای بی بعد با حداقل سازی خطا بین مدل و نتایج آزمایشگاهی بدس

آمدند. ضریب همبستگی معادله برای روش تجزیه مقدار منفرد و معادله بهبود یافته با استفاده از ژنتیک الگوریتم بترتیب 

بدست آمد. برای این سیستم پیچیده، دقت معادلات بدست آمده با توجه سادگی آنها قابل قبول   5697/0و  5291/0مقادیر

دل شبکه عصبی مقایسه گردید. نتایج نشان داد با وجود دقت بالاتر روابط حاصله از می باشد.  نتایج بدست آمده با نتایج م

شبکه عصبی، روابط حاصله از روش تجزیه مقادیر منفرد بعنوان یک روش ساده با استفاده از پارامترهای بی بعد،  با دقت 

 استفاده قرار گیرد.قابل قبول می تواند در پیشبینی اندازه ذرات در جتهای مایع محدود شده مورد 
doi: 10.5829/idosi.ije.2017.30.03c.01 
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