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Table S1. Target product profile (TPP) elements for cocrystal-coated inert cores.
	TPP Elements
	Target
	Justification

	Dosage form (capsules)
	Cocrystal-coated on inert cores
	Cocrystal engineering can enhance  the oral bioavailability of poorly bioavailable drug such as sulfadimidine

	Route of administration
	Oral
	Recommended route for delivery of sulfadimidine for the management of antimicrobial infection

	Dosage type
	Fast 
release
	Faster onset of action leading to enhanced oral bioavailability and consequently fast drug dissolution is required

	Pharmacokinetics
	Higher Cmax and AUC
	Required for achieving higher drug levels into the blood stream to enhance therapeutic action

	Packaging
	Capsules
	Coated inert cores can be easily packed in capsules for improved patient compliance portability and ease of manufacturing due to good powder flowability

	Stability
	At least 24 months at room temperature
	To maintain drug efficacy during storage period. Cocrystals ensures higher storage stability than amorphous dispersions.


















Table S2.	Critical quality attributes (CQAs) for cocrystal-coated inert cores containing SDM and rational justification.
	Critical Quality Attributes 

	Target
	Is this a CQA?
	Rational justification

	Physical 
attributes
	Colour
	Acceptable to patients
	No
	Colour, odour and appearance were not considered as critical, as these are not directly linked to patient efficacy and safety.

	
	Odour
	No unpleasant odour
	
	

	
	Appearance
	Acceptable to patients
	
	

	Content uniformity (RSD, %)
	≤ 1%
	Yes
	Content uniformity affect drug safety and efficacy, for this reason a homogeneous cocrystal-coating layer was considered as moderately critical.

	Drug release 
in 30 min (%)
	≥50%
	Yes
	In vitro dissolution performance of the dosage form, during early dissolution phase is considered critical as will dictate the pharmacokinetic profile and efficacy of the drug.  

	Crystallinity content (%)
	≥ 90%
	Yes
	Percentage of crystallinity is regarded highly critical as determines the solid state and stability of the drug and creation of unintentional co-amorphous should be minimised. 

	Loading efficiency (%)
	≥ 20%
	Yes
	Loading efficiency should be maximised as the amount of SDM administered in patients is moderately high.





[image: K:\August 2015\DOE fluidased bed\Fish bone diagram.tif]
Figure S1. Ishikawa fish-bone diagram depicting various causes and sub-causes affecting the spray coating process.


Table S3. Model generation and predicted equations obtained from the Box-Behnken DoE.
	Model (p-value)
	Predicted equation in terms of actual factors

	Two factor interaction
 (p< 0.01)
	Crystallinity= +79.17 -15.24*Atomisation pressure- 0.21*Amount of mass sprayed +2.43*Amount of binder +1.36*Atomisation pressure*Amount of mass sprayed -2.04*Atomisation pressure*Amount of binder -0.06*Amount of mass sprayed*Amount of binder

	Linear (< 0.0001)
	Loading efficiency= -0.36 -2.87*Atomisation pressure +0.53*Amount of mass sprayed +0.08*Amount of binder

	Two factor interaction (p< 0.12)
	Attrition= -39.17 -59.16*Atomisation pressure -0.98*Amount of mass sprayed -0.04*Amount of binder -1.47*Atomisation pressure*Amount of mass sprayed -0.03*Atomisation pressure*Amount of binder +0.003*Amount of mass sprayed*Amount of binder

	Linear (p<0.03)
	Yield= -101.08 -11.28*Atomisation pressure -0.47*Amount of mass sprayed -0.21*Amount of binder

	Linear (p<0.09)
	Log10(RSD)= +0.63 +0.17*Atomisation pressure -0.03*Amount of mass sprayed -0.002*Amount of binder





[image: E:\May 2017\paper beads\Reviewed paper\Revised figures\figure 4 DOE yield supplementary.tif]
Figure 2SA. 3D response surface (a, b, c) and 2D contour plots (e, f, g) showing the influence of the atomization pressure, the amount of sprayed mass and the amount of binder on the yield.

[image: F:\May 2017\paper beads\Figures\supplementary\figure DOE atrition supplementary.tif]
Figure S2B. 3D response surface (a, b, c) and 2D contour plots (e, f, g) showing the influence of the atomization pressure, the amount of sprayed mass and the amount of binder on the percentage of attrition.

[image: F:\May 2017\paper beads\Figures\supplementary\figure DOE RSD supplementary.tif]
Figure S3. 3D response surface (a, b, c) and 2D contour plots (e, f, g) showing the influence of the atomization pressure, the amount of sprayed mass and the amount of binder on content uniformity (RSD).


Table S4. Results of numeric optimization of cocrystal-coated beads. 
	
	Constrains (Goals)
	Lower limit
	Upper limit

	Factors

	Amount of binder (%)
	In range
	-1
	+1

	Amount of sprayed mass (%)
	In range
	-1
	+1

	Atomisation pressure (Bar)
	In range
	-1
	+1

	Response

	Loading efficiency (%)
	Maximisation
	4.9
	24.7

	Degree of crystallization (%)
	Maximisation
	65.9
	96.0

	Yield (%)
	In range
	70.5
	91.9

	Attrition (%)
	In range
	0.01
	19.41

	RSD (%)
	In range
	0.03
	5.09

	Optimised formulation

	Amount of binder (%)
	5
	-
	-

	Amount of sprayed mass (%)
	45
	-
	-

	Atomisation pressure (Bar)
	0.75
	-
	-
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	Response
	Experimental Results
	Predicted results

	
	Experiment  Run 1
	Experiment Run 2
	Experiment Run 3
	Mean
	SD
	Predicted
	Percent Error
	95% CI low
	95% CI high

	Loading efficiency (%)
	22.51
	22.11
	20.50
	21.71
	1.06
	22.07
	1.06
	19.54
	24.61

	Degree of crystallinity (%)
	93.48
	97.47
	94.49
	95.15
	2.07
	96.21
	0.76
	87.99
	104.41


Table S5. Comparison of experimental results with predicted responses. Key: CI, Confidence intervals.






[image: F:\May 2017\paper beads\Figures\supplementary\figures xrd.tif]
Figure S4. XRD patterns. Key: a- SDM raw material; b- 4ASA raw material; c-Physical mixture of SDM:4ASA (1:1 molar ratio); d- SDM:4ASA polymorph I generated by milling; e- SDM:4ASA polymorph II generated by solvent evaporation; f- SDM:4ASA polymorph II generated by spray drying; g- Blank non-pareil sugar 500 µm beads; h- SDM-4ASA cocrystal polymorph II coated on non-pareil sugar 500 µm beads.
[image: F:\May 2017\paper beads\Figures\supplementary\effect of pvp concentraiton.tif]
Figure S5. Effect of PVPK90 concentration on cocrystal formation during spray coating. Key: The percentage of the degree of crystallinity and loading efficiency are represented in red and black respectively.
[image: F:\May 2017\paper beads\Figures\supplementary\scalability  and bead size.tif]
Figure S6. Effect of bead and batch size on cocrystal formation during spray coating. Key: The percentage of the degree of crystallinity and loading efficiency for the 5 g batch size are represented in red and black respectively and for the 25 g batch size in green and blue.
[image: F:\May 2017\paper beads\Figures\supplementary\water content and BET.tif]
Figure S7. Effect of PVPK90 concentration on water content and surface area during spray coating. 

[image: F:\May 2017\paper beads\Figures\supplementary\sdm release pvp concentration.tif]
Figure S8. Effect of PVPK90 concentration on the SDM release.
[image: F:\May 2017\paper beads\Figures\supplementary\fisgure disso beads and sdm.tif]
Figure S9. Dissolution profile of SDM:4ASA cocrystal coated beads (in red) versus SDM coated beads ( in black).

[image: F:\May 2017\paper beads\Figures\supplementary\figure dsc disso formulations.tif]
Figure S10. MTDSC thermograms of SDM:4ASA cocrystal coated beads (A) and SDM-PVP coated beads (B). The glass transition can be observed in the reversing heat flow signal (blue line). 


[image: F:\May 2017\paper beads\Figures\supplementary\type of binder and water content and BET.tif]
Figure S11. Effect of the type of binder on water content and surface area during spray coating. 



[image: F:\May 2017\paper beads\Figures\supplementary\type of binder and sdm dissolution.tif]
Figure S12. Effect of the type of binder on the SDM release.
[image: F:\May 2017\paper beads\Figures\supplementary\bead size tga and BET.tif]
Figure S13. Effect of the bead size on water content and surface area during spray coating. 
[image: F:\May 2017\paper beads\Figures\supplementary\BEad size and SDm disso.tif]
Figure S14. Effect of the bead size on the SDM release.















[image: E:\May 2017\paper beads\Reviewed paper\figure dvs.tif]
Figure S15.  DVS sorption and desorption profile of: a) uncoated (blank) sugar beads 500 µm; b) 5g-Batch of sugar beads 500 µm coated with 95% cocrystal:5% PVP and c) 25g-Batch of sugar beads 500 µm coated with 95% cocrystal:5% PVP.

[image: F:\May 2017\paper beads\Figures\supplementary\figure S9 aspa PM.tif]
Figure S16. PXRD patterns of SDM:4ASA physical mixture at different times during the accelerated stability studies.


[image: F:\May 2017\paper beads\Figures\supplementary\figure S6 asap PI.tif]
Figure S17. PXRD patterns of SDM:4ASA polymorph I at different times during the accelerated stability studies.
[image: F:\May 2017\paper beads\Figures\supplementary\figure S7 aspa SD.tif]
[bookmark: _GoBack]Figure S18. PXRD patterns of SDM:4ASA polymorph II generated by spray-drying at different times during the accelerated stability studies.
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