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Abstract
Objectives: In pharmaceutical industries, the properties of desired final crystal can be modified by seeding process. 
Seeding activities depend on seed loading, seed size, seed quality and the temperature of supersaturated solution at the 
time of seed addition.  The effect of amount of seed and temperature of seeding on crystallisation and size distribution 
of carbamazepine-saccharin (CBZ-SAC) co-crystals have been investigated. Methods/Statistical Analysis: 0.5, 1.0 and 
1.5 wt% seeds of constant size were added to the metastable zone width region during cooling crystallisation at seeding 
temperatures of 38.45, 40.35, 42.25, 44.15 and 46.05 oC. Findings: During the crystallisation process of CBZ-SAC co-crystal, 
nucleation occurred faster when seeding is close to the super solubility curve which is at the highest supersaturation. 
Crystal size distribution (CSD) results showed more fine particles formed at 38.45oC seed temperature. On the other hand, 
nucleation occurred slower when seeding is close to the solubility curve, which is at low supersaturation and therefore 
resulted in less number of fine particles formed. Application:  Nucleation of CBZ-SAC co-crystals can be controlled easily 
by seeding, in which the addition of seed expedites the crystallisation process by providing the surface area for crystals to 
grow. The size and characteristic of the desired crystal can be adjusted via seeding application.

1. Introduction
A co-crystal is known as a pharmaceutical co-crystal when 
the active pharmaceutical ingredients (API) component 
is combined with other components (i.e. co-formers) 
in one crystal structure1. Several studies have focused 
on discovering the primary advantages of co-crystals 
towards enhancing their stability either physically or 
chemically, improving the moisture uptake and mechani-
cal behaviour. Another major concern among researchers 
are to improve the rate of dissolution, the solubility, and 
to enhance the bioavailability of APIs2. There are various 
methods in producing co-crystals such as co-dissolving 
and evaporating solvent, slurry performing, co-milling, 
or co-melting3.

Seeding has been studied over the latest few decades 
because it can alter the properties of desired final crys-
tal.  In seeding process, the supersaturated solution was 
enhanced by addition of crystalline (seed) to allow the 
growth of the seed crystals prior to the occurrence of 
nucleation4. As co-crystallisation is concerned, an intro-
duction of seeding are mean  to provide a co-crystal phase 
in solution during crystal growth  and to prevent incon-
sistent primary nucleation of another solid phase during 
crystallisation5. By considering the different parameters in 
seeding process such as size of seed, amount of seed, seed-
ing temperature and cooling profile, seeding is therefore 
believed can expedite the nucleation process, optimise 
the crystallisation behaviour and ensure the final particle 
size6.
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2. Methodology

2.1 Materials and Equipment
Saccharin (SAC) and Carbamazepine (CBZ) were pur-
chased from Sigma Aldrich and ECA Corporation USA, 
respectively. The solvent used in co-crystals production 
was an absolute ethanol (EtOH 99.4 %).The crystal-
liser was purchased from Syrris Ltd equipped with 250 
mL Syrris Globe® glass-jacketed reactor. The reactor was 
equipped with Globe Reactor Master for data logging 
and PC software for full control of reaction parameters. 
Temperature in the jacketed vessel was adjusted via 
JULABO CF41 circulator, which have an operating tem-
perature between -40oC to +200oC.

2.2 Metastable zone width (MSZW) 
Determination
Experiments to determine the MSZW of CBZ-SAC 
co-crystals have been done in previous paper7. The 
experiment was repeated to validate the outcomes. The 
temperature of initial suspension (SAC/CBZ mole ratio of 
2 and CBZ concentration of 17.96 mg/mL in 200 mL eth-
anol) was increased to 60°C for 40 minutes to ensure that 
carbamazepine and saccharin compounds were entirely 
dissolved in the ethanol solution. Afterward, the mixture 
followed a cooling profile of 0.6°C/min until the nucle-
ation formed, which can be detected by turbidity probe. 
The solution was kept constant at crystallisation tempera-
ture for 40 minutes and then heated at a rate of 0.6°C/
min until the value of turbidity begun to decrease. This 
value of temperature served as a dissolution temperature. 
The experiments were repeated with different cooling and 
heating rates (0.2, 0.4 and 0.8°C/min). All experiments 
were repeated five times to get the consistency of the 
results. The difference between dissolution and the cryst-
allisation temperature at equilibrium was a MSZW.

2.3 Seed Preparation
The method for preparing seeds was described in Section 
2.2. In addition, 20 minutes after the forming of nucle-
ation, the crystal was drained and filtered. The solid was 
dried for 60 minutes at 30oC.The produced seed crystal 
was then collected and sieved using 106-125 µm of ASTM 
standard sieve.

2.4 Seeding Experiments
In this experiment, CBZ-SAC co-crystal solution was 
prepared, corresponding to a CBZ concentration of 17.96 
mg/mL and mole ratio (SAC/CBZ) of 2.0, using a 250 mL 
jacketed crystallisation vessel equipped with thermocou-
ple, stirrer and turbidity probe. Firstly, the solution was 
heated to 50°C and the temperature was maintained for 
40 minutes to obtain a clear solution. Following, the clear 
solution was cooled rapidly until the crystal was formed 
and was heated again to 50°C. Then the temperature was 
held for 40 minutes to ascertain the complete disinte-
gration of solids which can be shown by a reduction in 
turbidity value. After that, the temperature of the solu-
tion was brought down at a rate of 0.6°C/min until it hit 
the targeted seeding temperature. When the temperature 
of the solution reached 46.05oC (95% of MSZW range), 
1.5 wt% seed was added whilst the solution continued to 
follow the temperature profile with a rate of 0.6°C/min. 
Once the nucleation started, which can be indicated by 
the changes of turbidity value, the temperature was main-
tained for 20 minutes before the solution was drained and 
seed crystal was filtered and collected.  The experiment 
was repeated with different temperature of seeding (85, 
75, 65 and 55% of MSZW range) and different amount of 
seed loading (1.0 and 0.5 wt%).

2.5 Crystal Size Distribution (CSD) of CBZ-
SAC Co-Crystal 
The crystal size distribution was obtained using laser scat-
tering particle size analyser (Mastersizer 2000®, Malvern 
Instruments Ltd., Malvern, UK) equipped with Scirocco 
2000 for dry particle at an air pressure of 3 bar. The particle 
size distribution was evaluated by cumulative distribution 
data. The median diameter was taken for evaluating the 
particle size of the seeded and unseeded CBZ-SAC co-
crystals.

3. Results and Discussion

3.1 MSZW of CBZ-SAC Co-Crystals
Experiments in Section 2.2, with an initial suspension of 
2.0 SAC/CBZ ratio and 17.96 mg/mL CBZ in 200 mL eth-
anol resulted in crystallisation temperature of 27.84oC and 
a dissolution temperature of 47.55oC. MSZW is defined as 
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different between dissolution and crystallisation tempera-
ture. This result was further used for seeding experiment, 
where the point of seeding is based on this MSZW. The cal-
culated seeding point is presented in Table 1.

Table 1. Calculated seeding temperature based on 
MSZW range of 47.55 to 27.84oC

Seeding temperature 
(% of MSZW)

Calculated seeding temperature 
[oC]

95 46.05
85 44.15
75 42.25
65 40.35
55 38.45

Figure 1.Effect of Seed Loading and Seeding Temperature 
on Nucleation.

3.2 Effect of Seed Loading on Crystallisation 
of CBZ-SAC Co-Crystal
Figure 1 demonstrates that, the crystallisation temperature 
increased with seed loading. When the seed was added at 
55% of MSZW, which equivalent to 38.45°C, the crystal-
lisation temperature for 0.5, 1.0 and 1.5 wt% of seed was 
34.95, 37.33 and 38.22°C respectively. The seed provides 
surface area for nucleation to occur; therefore higher seed 
loading resulted in higher surface area8,9, which expedites 
the nucleation process. Therefore, the nucleation occurs 
faster for seed loading of 1.5 wt%. Similar trends were 
also can be seen for seeding temperature of 65, 75, 85, 
and 95% of MSZW range shown in Figure 2. The present 
finding also support which studied the crystallisation of 
hen-egg white lysozyme and concluded that a lower seed 
loading resulted in slow growth of crystals due to the less 

particle surface area, therefore resulted in higher super-
saturation (low crystallisation temperature)10. 

Figure 2. Effect of Seed Loading on Nucleation Rate for 
Different Seeding Temperatures (oC); 46.05, 44.15, 42.25, 
40.35, 38.70.

3.3 Effect of Seeding Temperature on 
Crystallisation of CBZ-SAC Co-Crystal
As indicated in Figure 1, the crystallisation temperature 
increased with the seeding temperature. The presence 
of seed particles has significantly narrowed the meta-
stable zone10,11. During seeding experiment, the solution 
temperature was reduced at a constant cooling rate. The 
earlier introduction of seed (higher seeding temperature) 
resulted in earlier forming of nucleation. Therefore, the 
seeding temperature of 1.5 wt% of seed at 95% of MSZW 
gave the crystallisation temperature of 43.02oC, whereas 
seeding at 55% of MSZW gave the crystallisation temper-
ature of 38.22oC. In kinetics view, seeding closed to the 
solubility curve (46.05oC), which is at low supersaturation 
level causing a slow nucleation rate and therefore longer 
time is required for nucleation to occur11,12 (Figure 2).

3.4 Effect of Seeding Temperature on CSD of 
CBZ-SAC Co-Crystal
Figure 3 exhibits that, more fine particles formed at seed-
ing temperature of 38.45oC (55% of MSZW) compared to 
the seeding temperature of 44.15oC (95% of MSZW). The 
supersaturation is highest at metastable zone limit (0% 
of MSZW). Therefore, seeding at higher supersaturation 
leads to the faster nucleation rate which later resulting 
in more fine particles. On the other hand, nucleation 
occurred slower when seeding is close to the solubil-
ity curve which is at low supersaturation and therefore 
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resulted in least number of fine particles formed. The 
result is in lines of earlier literature that particle growth is 
slower if seeding close to the MSZ limit (38.45oC), which 
resulted in the least particle growth. Meanwhile, seed-
ing close to the solubility curve (46.05°C) produces the 
highest relative growth rate and the greatest number of 
large particles. Similar finding by O’Sullivan et al.12, which 
studied the effect of seeding temperature on agomelatine–
citric acid co-crystal found that, when the system seeded 
early (at higher seeding temperature; i.e. 60oC), resulted 
in larger crystal size. This was due to crystal growth domi-
nated over nucleation because of the concentration was 
still deep in the MSZ at the time of seeding11.Another 
parameter that can increase the size of crystal produced 
are faster cooling rate and higher initial supersaturation13. 

Figure 3. Effect of Seeding Temperature on CSD of CBZ-
SAC Co-Crystal.

4. Conclusion
The present research was aimed to investigate the effect 
of seed loading and temperature of seeding on CBZ-
SAC co-crystals. These findings suggest that in general 
the seed loading and the temperature of seeding strongly 
influences the crystallisation kinetic parameters and the 
produced crystals size distribution. Seed serves as a sur-
face area for initiating the nucleation. By increasing the 
amount of seed, more surface area exists and therefore 
the nucleation is likely to occur. Nucleation forms faster 
in high supersaturated solution. More fine particles can 
be obtained if seeding in high supersaturated solution. 
Seeding close to the solubility curve (at 46.05oC) resulted 
in larger crystal size compared to the seed added close to 
MSZ limit. The results of this study also indicates that the 
effect of seeding in co-crystal is similar with that in crystal. 
Further studies investigating the morphology of seeded 

and unseeded CBZ-SAC co-crystals, effect of cooling 
rates and the effect of stirring speed, with different SAC to 
CBZ molar ratios and various concentration of CBZ, are 
strongly recommended. The International Conference on 
Fluids and Chemical Engineering (FluidsChE 2017) is the 
second in series with complete information on the official 
website14 and organised by The Center of Excellence for 
Advanced Research in Fluid Flow (CARIFF)15. The pub-
lications on products from natural resources, polymer 
technology, and pharmaceutical technology have been 
published as a special note in volume 216. The conference 
host being University Malaysia Pahang17 is the parent 
governing body.  
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