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ABSTRACT
Purpose: This paper presents a systematic approach for selecting the right method for the 
preparation of nanocrystals. Aim: The aim of this paper is to provide an analytical tool to 
select the most appropriate method for the preparation of nanocrystals. Method: The tool 
that can be useful in determining the most appropriate method is the Analytic Hierarchy 
Process (AHP). One of the main advantages of this method is the relative ease with 
which it handles multiple criteria. In addition to this, AHP is easier to understand and it 
can effectively handle both qualitative and quantitative data. AHP involves the principles 
of pairwise comparisons, priority vector generation and synthesis. Results: The overall 
priorities of the subcriteria with respect to the criteria for each method are given and 
Method M2 Sonoprecipitation method scored 0.263, M4 Nanomorph® method scored 
0.258, M1 Hydrosol method scored 0.239 and finally M3 Spray freezing into liquid (SFL) 
method scored 0.225.The alternative with the highest priority would achieve the goal as 
per Saaty. Hence, having worked out the AHP technique, the Sonoprecipitation method 
is judged to be the most suitable method for the preparation of nanocrystals. Conclusion: 
In this paper, AHP has been employed to capture the decision making process to provide 
reliable and efficient decision. Hence we can obtain consistent and best preferred decision 
easily and efficiently by using this tool. 
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INTRODUCTION
Formulation of  drug carrier systems, 
development of  diagnostic tools and 
gene therapy are the novel applications of  
nanotechnology in pharmaceutical field.1 

Nano drug delivery systems are nanopar-
ticles, nanosponges, nanospheres, solid lipid 
nanoparticles, nanoemulsions, molecular 
system (inclusion complexes), nanovesicular 
system (Liposome, niosomes), and Nano-
crystals.2 Among the above one of  the most 
effective drug delivery system is nanocrys-
tal. The composition of  nanocrystal is active 
pharmaceutical ingredient (API), water and 
stabilizer. This stabilizer prevent reaggrega-
tion of  API due to which nanocrystals are 
physically stable and good physical stability 
is expected because crystalline state is more 
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stable than the amorphous state. Freeze 
drying is done immediately after nanocrys-
tal production to improve physical stability 
and also to prevent their agglomeration.3,4

Nanocrystals are crystals having size less 
than 1μm. As the particle size of  crystals is  
decreased to about 100nm there is a drastic  
change in the properties of  the material. 
The decreased size increases the surface 
area and solubility of  drug manifolds and 
there is fair increase in the bioavailability of  
poorly soluble drug.5 Nanocrystals enhance 
the solubility of  poorly soluble or insoluble  
drugs.6 In the current drug delivery technology  
platform, drug nanocrystals play a major 
and distinctive role which lead to extensive 
utilization of  the nanocrystal approch.7 
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Superior solubility and dissolution rate, enhanced bio-
availability, safe dose acceleration, eradication of  food 
effects, better safety and efficacy are some of  the advan-
tages of  drug nanocrystals.8 Bioavailability of  Class II/
IV drugs in the bio-pharmaceutical classification system 
can be enhanced by drug nanocrystals.9 The condensed 
diameter can boost the solubility and dissolution rate 
of  a drug, which allows elevated concentration gradient 
diffusion,10 at the same time an increased adhesion to  
the mucous membrane in the gastrointestinal tract  
prolongs the drug retention and absorption time.11

Nanocrystal formulation throughs a new light in sophis-
ticated drug development because for particular diseases 
like cancer, nanocrystals are known to be novel drug 
delivery system because of  its potential to administer 
through various routes and also its ease of  preparation.12

Nanocrystals present an opportunity to take advantage 
of  other cellular uptake processes such as endocytosis 
to utilize the potential for targeted drug delivery.13 The 
crystals were analyzed for particle size, powder X-ray 
diffraction and dissolution.14 
As nanocrystal technology is an emerging field, there 
is an urge for production of  nanocrystals from lab 
scale to large scale.15 A number of  methods are used 
for preparation of  nanocrystals which includes sono-
precipitation, hydrosol, high pressure homogenization, 
spray freezing into liquid, milling and nanomorph®.16 
So we have decided to use a decision making tool such 
as analytic hierarchy process to select the best method.17

Analytic Hierarchy Process
Analytic Hierarchy Process (AHP) is one of  the most 
useful tool for method selection which was developed 
by Saaty at the Wharton School of  Business.18 This is a  
significant and flexible weighted scoring decision making  
process to make the most excellent decision by setting 
priorities.19  
The AHP developed by Saaty20 is a decision approach 
design and has successfully been used in a wide variety  
of  application domains. In AHP the decision problem  
is arranged in the form of  hierarchy where overall 
goal, criteria, sub-criteria and decision alternatives are 
arranged from top to lowest level. 

AHP Approach
Basically, AHP is a multiobjective and multicriteria decision  
making approach that employs a pairwise comparison 
procedure to arrive at a scale of  preferences among a 
set of  alternatives. In this approach, it is essential to split 
down a composite unstructured problem into its section 
parts and put these parts or variables into a hierarchic 
order, allot numerical values to our judgments on the 

relative importance of  each variables and synthesize the  
judgments to find out which variables have the highest  
priority and should be acted upon to influence the out-
come. The matrix derived from the pairwise comparison 
using a nine-point scale is called comparison or judg-
ment matrix and it also consists of  eigen vector method 
for deriving weights and consistency.21

RESULTS AND DISCUSSION

Analytic hierarchy process principles

AHP consists of  three main principles that is hierarchy 
framework, priority analysis and consistency verifica-
tion.18,22,23 The initial step of  AHP is formulating the 
decision problem in the form of  a hierarchy framework 
where overall objective is represented at the top level, 
criteria and sub-criteria at the middle level and decision  
alternatives at the lowest level. After constructing hierarchy  
framework, at each hierarchy a pairwise comparison 
matrix is to set up by using a scale pairwise comparison 
and compare options as shown in Table 1. In the pri-
ority stage synthesis, to determine the performance of  
alternatives and importance of  the criteria an eigenvec-
tor method is used to solve each comparison matrix.23 
The whole process of  AHP is shown in Figure 1 which 
consists of  nine steps.

AHP at the conceptual design stage – case study

In the product development process normally there 
are six stages and conceptual design is one among it. 
This design consists of  three processes, namely concept  
evaluation, concept generation and concept development.  
In this paper only concept selection or evaluation is 
discussed. So in order to select the most appropriate 
method for the preparation of  nanocrystals, the following  
AHP steps, as listed in Figure 1, must be considered: 

Step 1: Define the problem

To select the best method for the preparation of  nano-
crystals. After performing several steps for method 
selection, there are four possible methods as listed 
below. So it is necessary to select the apt method by 
using AHP: M1 Hydrosol, M2 Sonoprecipitation, M3 
Spray freezing into liquid, M4 Nanomorph®.  

Step 2: Develop a hierarchy model

In this step, a four level hierarchy model to select the 
best method using AHP is shown in Figure 2.

Level I 
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The overall goal, that is to ‘select the suitable method 
for the preparation of  nanocrystals’ is presented at the 
top level of  the hierarchy.

Level II

The main criteria that will help to reach the goal are  
represented here and the main criteria are Method 
Information (MI), Operational Skill (OS), Viability(VI), 
and  Technical Information (TI).

Level III

Here sub-criteria are represented and there are four  
sub-criteria that refer to Method information: BCS  
(Biopharmaceutical Classification system) Classification 
of  drugs (BCS), Processing conditions (PC), Benefits 
(BE) and Expenditure (EX). Performance (PR) and 
Understanding (UN) add value for Operational Skill. 
Consistency (CO), Flexibility (FX) and Monotonous 
(MO) are the subcriteria that add values to Viability. 
Size reduction (SR) and Processing steps (PS) are the 
subcriteria that add values to Technical Information 
respectively.

Level IV

At this level the alternative methods (M) for preparation 
of  nanocrystals are identified which are the decision 
options: M1 Hydrosol, M2 Sonoprecipitation, M3 Spray 
freezing into liquid and M4 Nanomorph®.

Step 3: Construct a pairwise comparison matrix

In AHP, pairwise comparisons are made to get exact 
ratio scale priorities. A pairwise comparison matrix (size 
n×n) is constructed for the lower levels with one matrix 
in the level immediately above. For each level of  hierarchy,  
pairwise comparisons generate a matrix of  relative  
rankings. The number of  matrices depends on the number  
of  elements at each level. 
At each level, the order of  the matrix depends on the 
number of  elements at the lower level that it links to.

Step 4: Perform judgment for pairwise comparison

Pairwise comparison starts by comparing the relative 
importance of  two selected items. There are n × (n−1) 
judgments necessary to develop the set of  matrices in 
step 3. By using the scale pair wise comparison as shown 
in Table 1, decision makers have to judge each element.  
The judgments are made on the basis of  decision  
makers experience and knowledge. For example, when 
making pairwise comparisons as shown in Table 2, if  
Method Information (MI) is strongly more important  
or essential than Viability (VI), then A = 5. To each pair-
wise comparison reciprocals are automatically assigned.

Step 5: Synthesizing the pairwise comparison

Figure. 1: Steps of the Analytic hierarchy process (AHP).

Figure 2: Hierarchy model for selection of the best method for 
the preparation of nanocrytals.
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Table 1: Scale for pair-wise comparisons Saaty TL (1980)
Relative intensity Definition Explanation

1 Equal value Two requirements are of equal value

3 Slightly more value Experience slightly favours one requirement over another

5 Essential or strong value Experience strongly favours one requirement over another

7 Very strong value A requirement is strongly favoured and its dominance is 
demonstrated in practice

9 Extreme value The evidence favouring one over another is of the highest 
possible order of affirmation

2,4,6,8 Intermediate values between two adjacent 
judgements

When compromise is needed

Reciprocals Reciprocals for inverse comparison

Table 2: Pairwise comparison of criteria with respect 
to overall goal

Goal MI OS VI TI

Method Information (MI) 1 3 A=5 5

Operation Skill (OS) 1/3 1 3 3

Viability (VI) 1/5 1/3 1 3

Technical 
Information(TI)

1/5 1/3 1/3 1

Total Column 1.73 4.66 9.33 12

Table 3: Calculation to obtain new vector
1 3 5 5 2.308

0.549 1/3 0.248 1 0.129 3 0.074 3 = 1.040

1/5 1/3 1 3 0.542

1/5 1/3 1/3 1 0.308

Table 4: Random index of analytic hierarchy process
Size of 
matrix

1 2 3 4 5 6 7 8 9 10 11 12

Random 
index(RI)

0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.58

Analytic hierarchy process tool has been used to calcu-
late priority vectors.

Step 6: Perform consistency verification

When judgments are made a degree of  inconsistency  
can occur. So to avoid inconsistency, consistency verifi-
cation is done by computing the consistency ratio.  
Consistency is determined by the consistency ratio (CR). 
Consistency ratio (CR) is the ratio of  consistency index 
(CI) to random index (RI) for the same order matrices. 
CR can be calculated in three steps as shown:

First: calculate the Eigenvalue (λmax)

Eigenvalue (λmax) can be calculated by multiplying the 
right of  judgment matrix by the priority vector or eigen-
vector to obtain a new vector. In Table 3 it is clearly 
shown how to calculate a new vector. In the matrix, the 
calculation of  first row is as shown:
0.549(1) + 0.248(3) + 0.129(5) + 0.074(5) = 2.308
Then divide the new vector by respective priority vector 
element
2.308/0.549 = 4.20; 1.040/0.248 = 4.19; 0.542/0.129 = 
4.20; 0.308/0.074 = 4.16.
Average the all above values to get λmax

λmax = (4.20 + 4.19 + 4.20 +4.16)/4 = 4.18

Second: Calculate the consistency index (CI)

CI = (λmax−n) / (n − 1) 
Where n is the matrix size.
CI = (4.18−4) / (4−1) = 0.06

Finally: calculate the consistency ratio (CR) 

The formula used for calculating CR is, CR = CI/RI.
First select the value of  random index (RI), using table 
4 for a matrix size of  four. Then 
CR= CI/RI = 0.06/0.9 = 0.06.
Judgments are accepted only if  CR < 0.1 and if  CR > 0.1  
it shows inconsistency in the judgment matrix. Judgments  
must be reviewed to get consistent matrix. In Table 5, 
results for this calculation are shown.

Step 7: Steps 3-6 are performed for all levels in the 
hierarchy model.
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Table 5: Consistency test for criteria
Goal(G) MI OS VI TI Priority vector(PV) New vector(NV) NV/PV

MI 1 3 5 5 0.549 2.308 4.20

OS 1/3 1 3 3 0.248 1.040 4.19

VI 1/5 1/3 1 3 0.129 0.542 4.20

TI 1/5 1/3 1/3 1 0.074 0.308 4.16

                     Total=16.75
Maximum eigen value=4.18.  Consistency index CI = 0.06.  Consistency ratio CR= CI/RI = 0.06.

Table 6: Consistency test for sub-criteria
G/MI BCS PC BE EX Priority vector(PV) New vector(NV) NV/PV

BCS 1 3 3 5 0.508 2.131 4.19

PC 1/3 1 1/3 3 0.151 0.633 4.19

BE 1/3 3 1 3 0.265 1.112 4.19

EX 1/5 1/3 1/3 1 0.075 0.314 4.18

Total=16.75

Maximum eigenvalue=4.18.   Consistency index (CI) = 0.06.    Consistency ratio (CR) = 0.06.

Table 7: Consistency test for sub-criteria
G/OS PR UN Priority vector(PV) New vector(NV) NV/PV
PR 1 5 0.833 1.668 2.002

UN 1/5 1 0.167 0.333 1.994

Total=3.996

Maximum eigenvalue=1.998   Consistency index (CI) = 0.000   Consistency ratio (CR) = 0.000.

Table 8: Consistency test for sub-criteria
G/VI CO FX MO Priority vector(PV) New vector(NV) NV/PV
CO 1 3 5 0.637 1.936 3.039

FX 1/3 1 3 0.258 0.785 3.042

MO 1/5 1/3 1 0.105 0.318 3.028

                                Total=9.109
Maximum eigenvalue=3.036   Consistency index (CI) = 0.018   Consistency ratio (CR) = 0.02. 

Table 9: Consistency test for sub-criteria
G/TI SR PS Priority vector(PV) New vector(NV) NV/PV
SR 1 3 0.750 1.500 2.000

PS 1/3 1 0.250 0.500 2.000

Total=4.000
Maximum eigenvalue=2.000   Consistency index (CI) = 0.000    Consistency ratio (CR) = 0.000. 

The consistency test has been performed for all levels in the hierarchical model that are listed in Table 6 – Table 
21.
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Table 10: Consistency test for alternatives in context of BCS:
Alternatives M1 M2 M3 M4 Priority vector(PV) New vector(NV) NV/PV

M1 1 1/3 1/5 1/5 0.064 0.266 4.156

M2 3 1 1/3 1/5 0.122 0.512 4.196

M3 5 3 1 1/3 0.271 1.136 4.191

M4 5 5 3 1 0.544 2.287 4.204

Total= 16.747
Maximum eigenvalue =4.186   Consistency index (CI) = 0.062 Consistency ratio (CR) = 0.068.

Table 11: Consistency test for alternatives in context of PC:
Alternatives  M1 M2 M3 M4 Priority vector(PV) New vector(NV) NV/PV

M1 1 1/3 3 5 0.288 1.205 4.184

M2 3 1 3 5 0.505 2.118 4.194

M3 1/3 1/3 1 3 0.143 0.599 4.188

M4 1/5 1/5 1/3 1 0.064 0.269 4.203

Total=16.769
Maximum eigenvalue = 4.192 Consistency index (CI) = 0.064 Consistency ratio (CR) = 0.071.

Table 12: Consistency test for alternatives in context of BE:
Alternatives M1 M2 M3 M4 Priority vector(PV) New vector(NV) NV/PV

M1 1 1 1/3 1/3 0.127 0.525 4.133

M2 1 1 1/3 1 0.162 0.674 4.160

M3 3 3 1 3 0.487 2.023 4.154

M4 3 1 1/3 1 0.223 0.928 4.161

Total=16.608
Maximum eigenvalue =4.152   Consistency index (CI) =0.050   Consistency ratio (CR) = 0.056.

Table 13: Consistency test for alternatives in context of EX: 
Alternatives M1 M2 M3 M4 Priority vector(PV) New vector(NV) NV/PV

M1 1 3 3 5 0.523 2.155 4.120

M2 1/3 1 3 3 0.263 1.082 4.114

M3 1/3 1/3 1 1 0.116 0.476 4.103

M4 1/5 1/3 1 1 0.099 0.406 4.101

Total=16.438
Maximum eigenvalue = 4.109 Consistency index (CI) =0.036   Consistency ratio (CR) = 0.040.

Table 14: Consistency test for alternatives in context of PR:
Alternatives M1 M2 M3 M4 Priority vector(PV) New vector(NV) NV/PV

M1 1 1 3 1 0.303 1.260 4.158

M2 1 1 3 3 0.389 1.616 4.154

M3 1/3 1/3 1 1 0.130 0.538 4.138

M4 1 1/3 1 1 0.178 0.740 4.157

Total=16.607
Maximum eigenvalue = 4.151   Consistency index (CI) =0.050 Consistency ratio (CR) = 0.055.
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Table 15: Consistency test for alternatives in context of UN:
Alternatives M1 M2 M3 M4 Priority vector(PV) New vector(NV) NV/PV

M1 1 1/3 1 1 0.175 0.727 4.154

M2 3 1 3 1 0.409 1.700 4.156

M3 1 1/3 1 1 0.175 0.727 4.154

M4 1 1 1 1 0.241 1.000 4.149

                      Total=16.613
Maximum eigenvalue = 4.153   Consistency index (CI) =0.051 Consistency ratio (CR) = 0.056.

Table 16: Consistency test for alternatives in context of CO:
Alternatives M1 M2 M3 M4 Priority vector(PV) New vector(NV) NV/PV

M1 1 1 5 3 0.413 1.663 4.026

M2 1 1 3 3 0.360 1.451 4.030

M3 1/5 1/3 1 1 0.106 0.428 4.037

M4 1/3 1/3 1 1 0.120 0.483 4.025

Total=16.118
Maximum eigenvalue =4.029 Consistency index (CI) =0.009     Consistency ratio (CR) =0.010. 

Table 17: Consistency test for alternatives in context of FX:
Alternatives M1 M2 M3 M4 Priority vector(PV) New vector(NV) NV/PV

M1 1 7 3 3 0.574 2.348 4.090

M2 1/7 1 1 1 0.124 0.508 4.096

M3 1/3 1 1 1 0.151 0.617 4.086

M4 1/3 1 1 1 0.151 0.617 4.086

Total=16.358
Maximum eigenvalue =4.089 Consistency index (CI) = 0.029   Consistency ratio (CR) =0.032. 

Table 18: Consistency test for alternatives in context of MO:
Alternatives M1 M2 M3 M4 Priority vector(PV) New vector(NV) NV/PV

M1 1 1 3 5 0.425 1.746 4.108

M2 1 1 1 3 0.282 1.160 4.113

M3 1/3 1 1 3 0.213 0.876 4.112

M4 1/5 1/3 1/3 1 0.080 0.330 4.125

Total=16.458
Maximum eigenvalue = 4.114   Consistency index (CI) =0.038    Consistency ratio (CR) = 0.042.

Table 19: Consistency test for alternatives in context of SR:
Alternatives M1 M2 M3 M4 Priority vector(PV) New vector(NV) NV/PV

M1 1 1 3 5 0.412 1.697 4.118

M2 1 1 1 5 0.310 1.277 4.119

M3 1/3 1 1 3 0.210 0.864 4.114

M4 1/5 1/5 1/3 1 0.069 0.283 4.101

Total=16.452
Maximum eigenvalue = 4.113   Consistency index (CI) =0.037   Consistency ratio (CR) =0.041. 
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Table 20: Consistency test for alternatives in context of PS:
Alternatives M1 M2 M3 M4 Priority vector(PV) New vector(NV) NV/PV

M1 1 3 3 5 0.513 2.110 4.113

M2 1/3 1 1 5 0.226 0.930 4.115

M3 1/3 1 1 3 0.193 0.794 4.113

M4 1/5 1/5 1/3 1 0.068 0.279 4.102

                      
Total=16.443

Maximum eigenvalue =4.110 Consistency index (CI) =0.036    Consistency ratio (CR) = 0.040.

Table 21: Consistency test for alternatives
Priority vector/eigen vector Goal

Criteria MI OS VI TI

Sub-
criteria BCS PC BE EX PR UN CO FX MO SR PS

M1 0.064 0.288 0.127 0.523 0.303 0.175 0.413 0.574 0.425 0.412 0.513

M2 0.122 0.505 0.162 0.263 0.389 0.409 0.360 0.124 0.282 0.310 0.226

M3 0.271 0.143 0.487 0.116 0.130 0.175 0.106 0.151 0.213 0.210 0.193

M4 0.544 0.064 0.223 0.099 0.178 0.241 0.120 0.151 0.080 0.069 0.068

Consistency test

λmax 4.186 4.192 4.152 4.109 4.151 4.153 4.029 4.089 4.114 4.113 4.113

CI 0.062 0.064 0.050 0.036 0.050 0.051 0.009 0.029 0.038 0.037 0.036

RI 0.9

CR 0.068 0.071 0.056 0.040 0.055 0.056 0.010 0.032 0.042 0.041 0.040

Table 22: All priority vectors for criteria, sub-criteria and alternatives
Priority vector/eigen vector

Goal

Criteria MI (0.549) OS (0.248) VI (0.129) TI (0.074)

Sub-criteria BCS PC BE EX PR UN CO FX MO SR PS

0.508 0.151 0.265 0.075 0.833 0.167 0.637 0.258 0.105 0.750 0.250

Alternatives

M1 0.064 0.288 0.127 0.523 0.303 0.175 0.413 0.574 0.425 0.412 0.513

M2 0.122 0.505 0.162 0.263 0.389 0.409 0.360 0.124 0.282 0.310 0.226

M3 0.271 0.143 0.487 0.116 0.130 0.175 0.106 0.151 0.213 0.210 0.193

M4 0.544 0.064 0.223 0.099 0.178 0.241 0.120 0.151 0.080 0.069 0.068

Develop overall priority ranking 

The priority vectors for criteria, sub-criteria and alterna-
tives are shown in Table 22. The priorities of  the criteria, 
Method Information (MI), Operation Skill (OS), Viability 
(VI), and Technical Information (TI), are 0.549, 0.248, 
0.129, and 0.074 respectively. The priorities of  the sub  

criteria, BCS Classification of  drugs(BCS), Processing  
conditions (PC), Benefits(BE), Expenditure(EX), 
Performance(PR), Understanding(UN), Consistency(CO), 
Flexibility(FX), Monotonous(MO), Size reduction(SR)  
and Processing steps(PS) are 0.508, 0.151, 0.265,  
0.075, 0.833, 0.167, 0.637, 0.258, 0.105, 0.750 and 0.250 
respectively.
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Table 23: Overall priority vectors for alternatives 
with respect to sub-criteria

M1 0.147 0.281 0.455 0.437

M2 0.198 0.392 0.289 0.288

M3 0.295 0.137 0.127 0.205

M4 0.351 0.188 0.122 0.068

Table 24: Overall priority vectors for alternatives with 
respect to criteria

MI OS VI TI Overall 
Priority0.549 0.248 0.129 0.074

M1 0.147 0.281 0.455 0.437 0.239

M2 0.198 0.392 0.289 0.288 0.263

M3 0.295 0.137 0.127 0.205 0.225

M4 0.351 0.188 0.122 0.068 0.258

Table 25: Result of selection:

S. No Best Selection Overall Priority

1 M2 0.263

2 M4 0.258

3 M1 0.239

4 M3 0.225

The overall priority vector for four alternative methods 
with respect to the sub-criteria are shown in Table 23. 
By multiplying the priority vector for the alternative 
methods with priority vector of  the sub-criteria, overall  
priority vector can be obtained. For instance overall  
priority is calculated as:
0.064(0.508) + 0.288(0.151) + 0.127(0.265) + 
0.523(0.075) = 0.147.
The overall priority vector of  the alternatives with 
respect to the criteria are shown in Table 24. By multiplying  
the priority vector for the alternative methods with  
priority vector of  the criteria, overall priority vector can 
be obtained. For instance overall priority is calculated as:
0.147 (0.549) + 0.281(0.248) + 0.455(0.129) + 
0.074(0.437) = 0.239.

Selection of most suitable method

The selection of  best method is done based on the final 
ranking of  the alternatives. By using AHP technique 
in this study, a hierarchy was designed containing the 
decision as goal, the alternatives for reaching it and the 
criteria for evaluating the alternatives and subcriteria 
for evaluating the criteria. Based on the results obtained  
as shown in Table 25 the method M2 Sonoprecipitation  
method scored 0.263, M4 Nanomorph® method scored 
0.258, M1 Hydrosol method scored 0.239 and finally M3 
Spray freezing into liquid (SFL) method scored 0.225. As 
per Saaty the alternative with the highest priority would  
be the most suitable method.18 So alternative with highest  
priority is method M2, Sonoprecipitation method scoring  
0.263 which is highest compared to other alternatives. 
Hence having worked out the AHP technique, the  
Sonoprecipitation method is judged to be the most  
suitable method for the preparation of  nanocrystals.

CONCLUSION
This paper presents the method of  selecting the most 
appropriate method for preparation of  nanocrystals 
by implementing the analytic hierarchy process (AHP). 
AHP is very helpful for the designers to select the best 
method based on the criteria and sub-criteria aspects of  
a decision. The study reveals that Method 2, the Sono-
precipitation method is the most suitable method for 
the preparation of  nanocrystals as per Saaty, because 
it has the highest value (0.263 or 26.3%) compared to 
any of  the methods. The application of  the AHP for 
selecting the most apt method for the preparation of  
nanocrystals can advance the quality of  the product 
and shorten the product improvement process. In this 
paper, AHP has been employed to capture the decision  
making process to provide reliable and efficient decision.  

Hence we can obtain consistent and best preferred deci-
sion easily and efficiently by using this tool.
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ABBREVIATIONS USED
API: Active pharmaceutical ingredient; AHP: Ana-
lytic Hierarchy Process; MI: Method Information; OS: 
Operational Skill; VI: Viability; TI: Technical Informa-
tion; BCS: Biopharmaceutical Classification system; 
PC: Processing conditions; BE: Benefits; EX: Expen-
diture; PR: Performance; UN: Understanding; CO: 
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Consistency; FX: Flexibility; MO: Monotonous; SR: 
Size reduction; PS: Processing steps; M: alternative 
methods; CR: Consistency ratio; CI: Consistency index; 
RI: random index; λmax: Eigenvalue; SFL: Spray freezing 
into liquid; M1: Hydrosol; M2: Sonoprecipitation; M3: 
Spray freezing into liquid; M4: Nanomorph®.
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PICTORIAL ABSTRACT SUMMARY
• The purpose of this paper is to present a system-

atic approach for selecting the best method for the 
preparation of nanocrystals.

• The selection process is done by implementing the 
analytic hierarchy process.

• AHP is very helpful for the designers to select the 
best method based on the criteria and sub-criteria 
aspects of a decision.

• Hence having worked out the AHP technique, the 
Sonoprecipitation method is judged to be the most 
suitable method for the preparation of nanocrys-
tals as per Saaty, because it has the highest value 
compared to any of the methods. So AHP has been 
employed to capture the decision making process 
to provide reliable and efficient decision.
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