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1.1 Gravimetry

CaOx dissolution was quantified by gravimetric measurements by weighing the undissolved 

CaOx remaining in the beaker after the treatment of sample solution (trisodium citrate, citric 

acid etc.) The details of experiment methods were illustrated in Fig. 2.

 0.3000 g of CaOx was accurately weighed and transferred into Beakers. To this, 50 ml of 

sample solution in distilled water was added. Then the 2 beakers were sonicated for 3 minutes 

using a fast clean ultrasonic cleaner .Then the suspension was incubated for 3 hours, so as to 

allow the precipitate of CaOx to settle for about 2 hours. Decant the clear solution through a 

quantitative ashless (whatman No: 40) filter paper. Wash the precipitate left in the beaker and 

glass rod with cold water with minimum quantity of distilled water (approximately 15 ml), 

allow the precipitate to settle and decant the clear solution through the same filter paper. Repeat 

this process several times. Now transfer the precipitate completely to the filter paper. Remove 

any precipitate sticking to the sides of the beaker and glass rod carefully using a rubber- tipped 

glass rod and transfer it to the filter cone.  Allow the filter paper to become dry.

 Fold the moist filter paper carefully around the precipitate and place it in a silica crucible 

which has been previously ignited to constant weight. Cover the crucible loosely with its lid, 

place it on a clay pipe triangle kept on a tripod and gently heat it in a small non-luminous flame 

so that the filter paper first dries and then chars slowly without catching fire. When the charring 

is complete, increase the burner flame and heat the crucible at dull redness with free access of 
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air so that carbon is completely burnt off. Heat the crucible at red heat for about 30 minutes 

and then allow it to cool. Transfer it to a desiccator, cool and weigh. Repeat heating, cooling, 

and weighing till the weight becomes constant.

1.2 Complexometric titration method

The dissolution of CaOx was analyzed by estimating the Ca 2+ concentration in filterate by 

EDTA titrations using Eriochrome Black T as indicator.

10 ml of this filterate solution is pipette out into a conical flask. 2 ml of buffer solution of pH 

10 and 6 drops of Eriochrome Black T indicator are added. The solution is shaken well and 

titrated against the EDTA solution which is set in the burette, until the color of the solution 

changes from wine red to blue at the endpoint. The titration is repeated for concordant titre 

values.

1.3 Thermogravimetric analysis

Thermogravimetric analysis (TGA) experiments were conducted on a TG Instruments model 

Perkin Elmer, STA 6000. Samples (90 mg) were heated to 1000 C under air, and weight gain 

was recorded isothermally as a function of time. Air was introduced at a flow rate of 100 

ml/min, and the temperature was increased at a rate of 10 oC/min up to 1000 oC with 20 min 

holding time. The sample preparation was carried out by filtering dispersed CaOx in (1) 

distilled water (2) 0.1 M Trisodium citrate solution at various time 1, 2 and 3 h. 
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Fig. S1. XRD spectra of purified calcium oxalate monohydrate crystals used for the dissolution 
studies.
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Fig.S2. Photograph shows the CaOx dispersion after 1h in (a) distilled water and (b) 0.1 M 
trisodium citrate solution. Dynamic light scattering spectra of CaOx dispersion in distilled 
water (c) and 0.1M trisodium citrate solution (d) plotted number percentage Vs Size. 



Fig. S3. SEM images of calcium oxalate crystals after the 3 h treatment of (a) distilled water, 
(b) potassium citrate (0.3M), (c) sodium citrate (0.3M). 

   

Fig. S4. Morphological effects of potassium citrate (0.3M) on calcium oxalate crystals. (A-D) 
Optical microscopic images of CaOx crystal immersed in the 0.3 M potassium citrate solution 
at various time of dissolution. (E-G) SEM images of calcium oxalate crystals after the 3 h 
treatment of potassium citrate. 
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Fig. S5. TGA curves under air atmosphere for the pyrolysis of (a) CaOx treated with distilled 
water, (b-d) CaOx treated with 0.3M trisodium citrate for 1-3 h.

Table S1. Weight loss as a function of the temperature (oC) of CaOx nH2O, CaOx nH2O treated 
with trisodium citrate (0.3 M) for 3 h.

Compound Temperature 
range (oC)

ΔWt % Compound Temperature 
range (oC)

ΔWt %

CaOx 
nH2O

60 - 200 12.4 
(removal 
of water)

CaOx nH2O + 
Trisodium citrate 
(0.3 M) after 3h 
incubation

60 - 200 15.4

     -    - 250- 350 3.0
386-532 17.7 386-532 19
558-767 28.1 558-767 31.3
     -   - 770-980 11.8



(a) (b)

(d)(c)

Fig. S5: Optimised goemteries of  (a) Calcium oxalate monohydrate structure (b) Calcium 
oxalate monohydrate structure with one Ca2+ ion is removed (c) Calcium oxalate monohydrate 
structure with one Ca2+ is replaced by one  Na+ ion (d) Calcium oxalate monohydrate structure 
with one Ca2+ is replaced by two  Na+ ions

1.7 Density Functional Calculations

All  DFT calculations were performed in the gas phase with the Gaussian 16software 
package.For each structures, vibrational frequencies were fully performed to characterise local 
minimum on the potential energy surface.

Coordinates of the optimised structures shown in Fig. S5.

(a)

6        2.393290000      0.777159000     -2.004184000
6       -1.309925000     -2.576666000     -0.725551000
6        1.696689000      1.706568000     -3.080507000
6       -0.454271000     -3.904116000     -0.830847000
6        3.853927000     -0.077019000      1.708756000
6       -3.717270000      1.875354000     -0.219153000

(b)

6       -2.385203000      2.478268000     -0.567295000
6       -0.954393000     -2.152651000     -1.696404000
6       -3.948111000      2.257514000     -0.619151000
6        0.130850000     -2.739643000     -2.675697000
6        2.819469000      2.024081000     -0.866400000
6        0.090617000      0.749351000      2.059020000



6        2.583211000      0.115468000      2.619371000
6       -5.280845000      1.699901000     -0.152400000
8        3.657247000      0.652631000     -2.006534000
8       -0.660209000     -1.465862000     -0.560956000
8        2.431149000      2.252329000     -3.893791000
8        0.752072000     -3.767205000     -0.388534000
8        1.655080000      0.183320000     -1.149095000
8       -2.557156000     -2.625119000     -0.787664000
8        0.426146000      1.759842000     -2.934880000
8       -0.996649000     -4.890226000     -1.303725000
8        4.773950000      0.782216000      1.701730000
8       -3.152825000      2.908999000      0.155932000
8        3.852572000     -1.046232000      0.844422000
8       -3.048065000      0.820334000     -0.653712000
8        2.601489000      1.038637000      3.430930000
8       -5.986116000      2.677207000     -0.342480000
8        1.623815000     -0.681438000      2.329040000
8       -5.635055000      0.479585000      0.114154000
8        1.274410000      3.285279000      2.370327000
8       -1.068708000      0.056771000      2.792818000
8       -0.681630000      2.136670000      0.861882000
8       -3.326547000     -1.241738000      2.383945000
20       5.248864000      0.301890000     -0.522904000
20      -0.753701000      0.875179000     -1.184872000
20       1.584166000     -1.774594000      0.258741000
20      -4.073730000     -1.141402000      0.125330000
1        1.090538000      4.013889000      2.981913000
1       -0.142167000     -0.260946000      2.875643000
1        1.730938000      2.589468000      2.895258000
1       -1.013702000      0.849957000      2.216577000
1       -1.540506000      2.639904000      0.759031000
1       -3.853135000     -1.136529000      3.190668000
1       -0.022505000      2.681824000      1.365932000
1       -2.430051000     -0.826920000      2.585720000

6        4.178140000      1.272669000     -0.693094000
6       -0.656782000     -0.506959000      2.556291000
8       -1.857678000      3.616836000     -0.469368000
8       -0.520703000     -1.754010000     -0.533975000
8       -4.664581000      3.221129000     -0.896396000
8        1.312067000     -2.302660000     -2.428326000
8       -1.654920000      1.411011000     -0.591035000
8       -2.161159000     -2.040170000     -2.006030000
8       -4.289572000      1.048046000     -0.354912000
8       -0.235020000     -3.534605000     -3.544139000
8        2.648194000      3.168671000     -0.360225000
8       -0.241681000      1.911974000      2.399820000
8        1.854795000      1.373527000     -1.411300000
8        0.965820000      0.530414000      1.149437000
8        5.239844000      1.891441000     -0.753826000
8        0.012525000     -1.451867000      3.047748000
8        4.004417000      0.013779000     -0.444489000
8       -1.899782000     -0.505470000      2.299558000
8        4.956488000     -1.175285000      1.787218000
8       -1.095930000     -3.689786000      1.639916000
8        2.355499000     -2.199549000      1.494162000
8       -3.580316000     -2.511887000      1.442381000
20       0.314318000      2.625455000      0.055226000
20       1.802270000     -0.965810000     -0.569383000
20      -2.716840000     -0.656489000     -0.027001000
1        4.814603000     -0.725174000      0.908275000
1       -0.710603000     -3.328678000      0.817154000
1        5.051392000     -0.441410000      2.412434000
1       -0.752526000     -3.064130000      2.320001000
1        1.694967000     -1.924500000      2.170194000
1       -3.350203000     -1.974907000      2.227564000
1        3.244865000     -1.918881000      1.813366000
1       -2.821405000     -3.153531000      1.440808000

 (c)

6        1.645143000     -1.788067000     -2.412031000
6        1.427580000      2.806647000      0.168610000
6        2.937902000     -1.027119000     -2.043883000
6        0.840449000      3.593229000     -1.036737000
6       -3.031486000     -0.671516000     -1.281795000
6        0.340524000     -2.348581000      1.272096000
6       -4.168775000      0.229554000     -0.659029000
6        1.351602000     -2.506989000      2.454204000
8        1.461933000     -2.961753000     -2.001793000
8        0.541191000      2.153383000      0.876789000
8        4.036641000     -1.360560000     -2.462945000
8       -0.040675000      2.851026000     -1.669383000
8        0.700490000     -1.102878000     -2.961978000
8        2.645885000      2.674576000      0.344675000
8        2.650255000     -0.021132000     -1.254854000
8        1.200645000      4.726665000     -1.308211000
8       -3.191270000     -1.886188000     -1.528680000
8       -0.303758000     -3.308469000      0.803927000
8       -1.868047000     -0.110753000     -1.388144000
8        0.218627000     -1.143316000      0.768951000
8       -5.182404000     -0.341775000     -0.231655000
8        1.092963000     -3.311565000      3.343401000
8       -3.859758000      1.465042000     -0.549795000
8        2.355463000     -1.703277000      2.355400000
8       -4.355532000     -0.344435000      2.428731000
8        0.093040000      2.041094000      3.678328000
8       -1.815348000      0.533531000      1.903969000
8        2.569426000      0.770642000      3.449808000
20      -0.765762000     -2.276259000     -1.329318000
11       1.059652000      1.090042000     -2.644532000
20      -1.602921000      1.856445000     -0.160164000
20       2.286831000      0.256796000      1.055480000
1       -4.893216000      0.253413000      2.968242000
1        0.296602000      2.347452000      2.770495000
1       -4.815643000     -0.402268000      1.554798000
1       -0.659502000      1.439925000      3.525950000
1       -1.208499000     -0.220676000      1.727805000
1        2.553330000     -0.175999000      3.702458000

                   (d)

6        1.973710000     -0.917307000     -2.298597000
6        0.186572000      3.198925000      0.300099000
6        2.841977000      0.258352000     -1.777768000
6       -0.601531000      3.792720000     -0.909128000
6       -2.801119000     -1.499548000     -1.308221000
6        1.122031000     -1.998842000      1.092441000
6       -4.177666000     -1.073447000     -0.664996000
6        2.354988000     -1.683221000      1.962250000
8        2.279237000     -2.076128000     -1.877565000
8       -0.389211000      2.198737000      0.904295000
8        4.070785000      0.109439000     -1.689314000
8       -1.246892000      2.839661000     -1.549232000
8        0.885487000     -0.672806000     -2.905190000
8        1.351879000      3.543322000      0.565463000
8        2.135628000      1.227996000     -1.330159000
8       -0.556481000      4.978212000     -1.178799000
8       -2.540135000     -2.685685000     -1.611775000
8        0.866987000     -3.144150000      0.663471000
8       -1.883223000     -0.580265000     -1.360763000
8        0.443792000     -0.950097000      0.726393000
8       -4.906021000     -1.981350000     -0.247335000
8        2.453030000     -2.085106000      3.115260000
8       -4.323742000      0.187915000     -0.534278000
8        3.163576000     -0.887328000      1.316495000
8       -3.930273000     -1.948096000      2.344890000
8       -0.886702000      1.108004000      4.252167000
8       -2.048652000     -0.068467000      1.920548000
8        1.701589000      0.852676000      3.466214000
20      -0.181064000     -2.319244000     -1.374934000
11       0.204077000      1.524169000     -2.688482000
20      -2.383833000      1.353358000     -0.091315000
20       1.854792000      1.181231000      1.095912000
1       -4.560683000     -1.937424000      3.079761000
1       -1.172769000      2.023483000      4.390363000
1       -4.455169000     -2.075357000      1.516310000
1       -1.397879000      0.767910000      3.483590000
1       -1.225904000     -0.554761000      1.691466000
1        2.092932000      0.045595000      3.849524000



1       -2.703930000      0.161156000      2.157687000
1        1.755968000      1.185075000      3.821515000

1       -2.737289000     -0.757353000      2.154920000
1        0.804657000      0.963370000      3.880118000
11       4.190028000     -1.795079000     -0.488070000
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