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Abbreviations
ZnP – Zinc phosphate or Zn3(PO4)2
MCPs – Microparticles
NPs – Nanoparticles
ZnPMCPs - Zinc-phosphate microparticles
ZnPNPs - Zinc-phosphate nanoparticles
HCl - Hydrochloric acid
AC – Citric acid
AA – Ascorbic acid
A – Acid 
B – Alkaline 
CC – Cocobetaine surfactant 
1AA – ZnP in AA solution using 1% CC
2AA – ZnP in AA solution using 0.5% CC
3AA – ZnP in AA solution using 0.1% CC
1BAA – ZnP in alkaline solution resuspended with AA solution using 1% CC
2BAA – ZnP in alkaline solution resuspended with AA solution using 0.5% CC
3BAA – ZnP in alkaline solution resuspended with AA solution using 0.1% CC
1AC - ZnP in AC solution using 1% CC
2AC - ZnP in AC solution using 0.5% CC
3AC - ZnP in AC solution using 0.1% CC
1BAC – ZnP in alkaline solution resuspended with AC solution using 1% CC
2BAC – ZnP in alkaline solution resuspended with AC solution using 0.5% CC
3BAC – ZnP in alkaline solution resuspended with AC solution using 0.1% CC
1HCl - ZnP in HCl solution using 1% CC
2HCl - ZnP in HCl solution using 0.5% CC
3HCl - ZnP in HCl solution using 0.1% CC
1BHCl – ZnP in alkaline solution resuspended with HCl solution using 1% CC
2BHCl – ZnP in alkaline solution resuspended with HCl solution using 0.5% CC
3BHCl – ZnP in alkaline solution resuspended with HCl solution using 0.1% CC


Table S1 Composition of chemical synthesis tests for ZnP in both acidic and alkaline media using droplets as a measure. A= acid, B= alkaline, HCl= hydrochloric acid, citric acid= AC, ascorbic acid= AA, and CC= Cocobetaine
	Medium
	Name
	N
	
	AC
	AA
	CC

	
	Preliminar

	B
	ZnPB
	13
	-
	-
	-
	1%

	A
	ZnPA
	-
	2
	-
	-
	1%

	
	Trial

	B
	1BHCl
	13 / -
	-
	-
	-
	1%

	B
	2BHCl
	13 / 15
	-
	-
	-
	0.5%

	B
	3BHCl
	15 / -
	-
	-
	-
	0.1%

	B
	1BAC
	20 / 19
	-
	-
	-
	1%

	B
	2BAC
	13 / -
	-
	-
	-
	0.5%

	B
	3BAC
	14 / 14
	-
	-
	-
	0.1%

	B
	1BAA
	10 / -
	-
	-
	-
	1%

	B
	2BAA
	12 / -
	-
	-
	-
	0.5%

	B
	3BAA
	10 / -
	-
	-
	-
	0.1%

	A
	1HCl
	-
	3 / 4
	-
	-
	1%

	A
	2HCl
	-
	3 / -
	-
	-
	0.5%

	A
	3HCl
	-
	2 / -
	-
	-
	0.1%

	A
	1AC
	-
	-
	14 / -
	-
	1%

	A
	2AC
	-
	-
	 18 / -
	-
	0.5%

	A
	3AC
	-
	-
	10 / 14
	-
	0.1%

	A
	1AA
	-
	-
	 -
	40 / -
	1%

	A
	2AA
	-
	-
	-
	30 / -
	0.5%

	A
	3AA
	-
	-
	-
	20 / -
	0.1%



Table S2 Preliminary suspension tests in ZnP in a chemical medium. HCl = hydrochloric acid, citric acid = AC, ascorbic acid = AA, and CC = Cocobetaine
	Name
	
	AC
	AA
	CC
	Alkaline medium 

	1BHCl
	YES
	X
	X
	X
	X

	2BHCl
	YES
	X
	X
	X
	X

	3BHCl
	YES
	X
	X
	X
	X

	1BAC
	YES
	YES
	X
	X
	X

	2BAC
	YES
	YES
	YES
	X
	X

	3BAC
	YES
	YES
	X
	X
	X

	1BAA
	YES
	YES
	YES
	X
	X

	2BAA
	YES
	YES
	YES
	X
	X

	3BAA
	YES
	YES
	YES
	X
	X



Table S3 Yield and quantity of each acid used for the suspension of 10 mL of ZnP synthesis solution in a basic medium. The quantity is in drops. A= acid, B= alkaline, HCl= hydrochloric acid, citric acid= AC, ascorbic acid= AA, and CC= Cocobetaine
	Name
	
	AC
	AA
	CC
	Yield (%)

	1BHCl
	15
	-
	-
	1%
	53.9083

	2BHCl
	20
	-
	-
	0.5%
	57.6405

	3BHCl
	20
	-
	-
	0.1%
	78.3744

	1BAC
	25
	12
	-
	1%
	66.7634

	2BAC
	20
	-
	-
	0.5%
	52.2496

	3BAC
	8
	-
	-
	0.1%
	62.2019

	1BAA
	-
	-
	60
	1%
	50.1762

	2BAA
	-
	-
	60
	0.5%
	41.0533

	3BAA
	-
	-
	40
	0.1%
	2.9028



Table S4 DLS response for the presence of MCPs and NPs upon suspension. + Positive result, - Negative result. HCl = hydrochloric acid, citric acid = AC, ascorbic acid = AA, and CC = Cocobetaine
	C
	Acid médium
	Alkaline medium

	CC
	1%
	0.5%
	0.1%
	1%
	0.5%
	0.1%

	AC
	-
	-
	+
	+
	-
	+

	HCl
	+
	-
	-
	-
	+
	-

	AA
	+
	+
	-
	+
	-
	-



[image: ]
Fig. S1 a) HR-TEM micrographs, b) SAED pattern, and c) XRD diffractogram of ZnP-A (acid media) and ZnP-B (alkaline media).
The TEM images and SAED patterns (Fig. S1 a,b) corroborate the structural differences between samples ZnP-A and ZnP-B observed by XRD. The ZnP- A sample, obtained in acidic medium, exhibits spherical and uniform nanoparticles with well-defined diffraction rings in the SAED pattern, characteristic of a highly ordered polycrystalline material, consistent with the hopeite phase (Zn3(PO4)2∙4H2O).
In contrast, the ZnP-B sample synthesized in alkaline medium shows aggregates of oval-shaped particles with broader and more diffuse SAED rings, confirming a lower crystallinity and greater structural disorder, possibly associated with the coexistence of parahopeite or partially amorphous phases. 
The XRD patterns (Fig. S1c) of ZnP-A and ZnP-B reveal notable differences in crystallinity and structural order of the synthesized products. The ZnP-A sample exhibits intense, sharp, and well-defined diffraction peaks mainly located between 2θ = 9° and 35°, indicating a highly crystalline structure with long-range periodic order. The position and intensity of the peaks match the characteristic reflections of hopeite (JCPDS 98-000-4429), typically observed for the (020), (200), (111), (240), (221), (311) planes. This result confirms that, under acidic conditions, crystal growth occurs in an isotropic manner, favoring the formation of spherical and well-defined nanoparticles, as also observed by SEM. In this environment, the high proton (H+) concentration limits the effective availability of phosphate ions, reducing the rate of directional growth and promoting uniform nucleation at multiples sites. The resulting material is polycrystalline with highly ordered fine domains, where the microcrystals are coherently oriented. 
In contrast, the ZnP-B sample synthesized in alkaline medium shows diffraction peaks that are broader and less intense, superimposed on a diffuse background. This behavior is typical of partially crystalline, where the crystallite size is small and a high degree of structural disorder is present. This pattern is associated with hopeite and with greater preference to parahopeite (JCPDS 98-000-4430) for the higher contribution of 11.24° peak (001) 19.36° (011), and 31.32° (020).
Under these conditions, the higher concentrations of OH- and PO43- ions increase the supersaturation of the system, promoting anisotropic growth with preferential orientation along certain planes, which results in the oval or laminar particles observed by SEM. This type of directional growth, combined with the selective adsorption of the CC surfactant onto specific crystal planes, restricts the uniform development of the crystal lattice and promotes heterogeneous polycrystallinity.
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Fig. S2 Analysis of the chemical composition by EDS of ZnP in alkaline medium.
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Fig. S3 Size distribution of MCPs obtained in acidic and alkaline media using ascorbic acid (AA). 1AA corresponds to 1% cocobetaine (CC), 2AA corresponds to 0.5% CC, and 1BAA is in alkaline media using 1% CC
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Fig.S4: Photograph of the colloidal stability over six months using gravitational sedimentation test. Right: samples suspended (1HCl and 1BAC); left: 1BAC without acid suspension and 1BAC with half the acid used in the experiment.
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