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Derivation of Eqns (7) and (8)
When the amount of substance in each phase does not change under constant temperature and pressure, the molar surface Gibbs free energy can be expressed as1:

                                        (1)
For approximately spherical nanoparticles without inner holes, the total surface area can be expressed as:

                                      (2)



In Eqn (2), the superscript s denotes surface phase, the subscript m denotes molar, ,  and  denote the surface tension, radius of nanoparticle, and the number of nanoparticles, respectively.
(1) For a simple physical change process where the particle size of nanoparticles do not change, however, the number of particles change, such as adsorption process of nanoparticles, the partial molar surface Gibbs free energy (surface chemical potential) is equal to the molar surface Gibbs free energy2. The proof is as follows:

                                    (3)
Differentiate Eqn (3), we can get:

                                    (4)
The total amount of matter of nanoparticles can be expressed as:

                                  (5)
Differentiate Eqn (5), we can get:

                                  (6)
Eqn (4) is divided by Eqn (6), the partial molar surface Gibbs free energy of nanoparticles can be obtained as:

                                    (7)








In Eqn (7), the superscript s represents surface phase, the subscript m represents molar, , , , , , , , anddenote Gibbs free energy, volume, molecular weight, density, particle radius, total amount of matter of nanoparticles, absolute temperature and pressure, respectively.
(2) However, for processes where the particle size of nanoparticle changes and the number of particles do not change, such as dissolution, the reaction and phase transition of nanoparticles, the partial molar surface Gibbs free energy is not equal to the molar surface Gibbs free energy3,4. The proof is as follows:
For approximately spherical nanoparticles without inner holes when the particle size changes, the Eqn (3) is differentiated to obtain:

                                     (8)
When the particle size changes the Eqn (5) is differentiated to obtain:

                                    (9)
The partial molar surface Gibbs free energy of nanoparticles can be obtained as Eqn (8) is divided by Eqn (9):

                              (10)
The proof of Eqns (7) and (8) in the manuscript is completed.
Table S1
Different reaction conditions for preparing supplementary particle sizes of nano-CdS
	No.
	

	Temperature /°C
	Time /h
	Ethylene glycol /mL
	PVPK-40 /g
	D /nm

	1
	1.7:7
	140
	8
	60
	0.4
	9.2

	2
	4:7
	140
	8
	60
	0.4
	10.5

	3
	2:7
	140
	8
	60
	0.4
	11.7


The reaction temperature and the reaction time for the preparation of nano-CdS were kept at 140 °C and 8 h, respectively. Nano-CdS samples of preparation conditions with supplementary particle sizes are shown in Table S1.
Table S2
Average particle size of nano-CdS
	No.
	2θ /deg
	FWHM
	
/nm
	
/nm

	1
	26.800
	1.083
	7.5
	7.2

	
	43.880
	0.997
	8.5
	

	
	51.960
	1.451
	6.0
	

	2
	26.640
	0.903
	9.0
	8.1

	
	43.920
	0.848
	9.6
	

	
	51.960
	1.451
	5.8
	

	3
	26.560
	0.354
	22.8
	15.1

	
	43.840
	0.792
	10.7
	

	
	52.12
	0.742
	11.8
	

	4
	26.680
	0.394
	20.5
	16.9

	
	43.920
	0.465
	18.3
	

	
	52.040
	0.731
	11.9
	

	5
	26.520
	0.349
	23.1
	18.6

	
	43.880
	0.436
	18.7
	

	
	52.040
	0.596
	14.0
	


XRD patterns of CdS with supplementary particle sizes
[image: ]
Fig. S1 XRD patterns of CdS with different particle sizes
TEM images of CdS with supplementary particle sizes
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Fig. S2 TEM images of nano-CdS: (a) 9.2 nm, (b) 10.5 nm, (c) 11.7 nm.
[image: ]
Fig. S3 Particle size distribution statistical histogram of nano-CdS: (a) 9.2 nm, (b) 10.5 nm, (c) 11.7 nm.









Table S3
BET specific surface areas data of CdS
	
 
	
 
	BET surface area /m2∙g−1

	7.2
	0.13889
	114.2445

	8.1
	0.12346
	83.6113

	15.1
	0.06623
	32.0163

	16.9
	0.05917
	28.0320

	18.6
	0.05376
	24.8024

	bulk
	
→0
	1.5812


Table S4
Conductivities of CdS with different particle sizes and different temperatures
	

	

	
/(μS·cm−1)

	
	
	288.15 K
	298.15 K
	308.15 K
	318.15 K
	328.15 K

	7.2
	0.13889 
	5.60 
	6.30 
	6.90 
	8.31 
	9.67 

	8.1
	0.12346
	4.94 
	5.61 
	6.36 
	7.55 
	8.97 

	9.2
	0.10870
	4.65
	5.20
	6.07
	7.18
	8.54

	10.5
	0.09524
	4.21
	4.92
	5.87
	6.74
	8.29

	11.7
	0.08547
	4.03
	4.39
	5.27
	6.05
	7.58

	15.1
	0.06623
	2.76 
	3.26 
	4.01 
	4.71 
	6.15 

	16.9
	0.05917
	2.38 
	2.93 
	3.53 
	4.15 
	5.62 

	18.6
	0.05376
	2.16 
	2.64 
	3.24 
	3.81 
	5.10 

	bulk
	
→0
	0.67 
	0.87 
	1.12 
	1.47 
	2.04 








Table S5
Ionic strength of CdS with different particle sizes and different temperatures
	

	

	
/(mol∙kg−1)

	
	
	288.15 K
	298.15 K
	308.15 K
	318.15 K
	328.15 K

	7.2
	0.13889 
	103.9273
	116.7947
	127.9368
	154.2340
	179.3955

	8.1
	0.12346
	91.6412
	104.0223
	118.0405
	140.1562
	166.3820

	9.2
	0.10870
	86.1801
	96.4706
	112.6320
	133.2420
	158.4670

	10.5
	0.09524
	78.1199
	91.2553
	108.9340
	125.1200
	153.8560

	11.7
	0.08547
	74.7254
	81.4917
	97.7477
	112.2940
	140.5840

	15.1
	0.06623
	51.1956
	60.4715
	74.3432
	87.4199
	114.1546

	16.9
	0.05917
	44.2451
	54.3833
	65.541
	77.0773
	104.2233

	18.6
	0.05376
	39.9901
	48.9082
	60.1333
	70.7246
	94.7105

	bulk
	
→0
	12.4959
	16.0770
	20.7095
	27.1831
	37.8868


Effect of surface tension and molar interfacial area
[image: ]


Fig. S4 Relationship between  and  at 288.15 K.
Fig. S4 is based on the nolinear curve fitted equation and substituted the value of reciprocal of particle size, which is via fitting the reciprocal of particle size and the logarithm of the standard dissolution equilibrium constant in Fig. 4 at 288.15 K. The values of particle size used in Fig. S4 are: 1.5, 2.3, 3.7, 5.2, 6.3, 7.2, 8.1, 9.2, 10.5, 11.7, 12.4, 13.6, 14.8, 15.1, 16.9, 18.6, 19.3, 25.0, 42.6, 52.4, 65.5, 72.2, 83.3 and 90.5 nm.




Fig. S4 shows that when the particle size is ≥ 10 nm, the relationship between  and  is linear, and the  of bulk-CdS can be obtained when the linear relationship is extrapolated to  tends to 0. When the particle size is < 10 nm, the curved deviates from the linear relationship because the surface tension is no longer a constant5-7.


The effects of  and  denote the effects of surface tension and molar interfacial area, respectively8-10. The effect of surface tension is defined as the deviation between the physical quantity (or the logarithm of physical quantity) of nanomaterials and the linear part due to the change of surface tension (or temperature coefficient of surface tension). The effect of molar interfacial area is defined as the variation between a physical quantity (or the logarithm of physical quantity) of nanomaterials and the same physical quantity (or the same logarithm of physical quantity) of corresponding bulk materials due to decrease in molar interfacial area.
Error analysis
Table S6
Surface tension obtained by experiments and using Eqn (32)
	

	

	


	
	
	288.15 K
	298.15 K
	308.15 K
	318.15 K
	328.15 K

	7.2
	0.13889
	0.9145 
	0.8854 
	0.8406 
	0.8270 
	0.7637 

	8.1
	0.12346
	1.1752 
	1.1390 
	1.0977 
	1.0676 
	0.9927 

	15.1
	0.06623
	2.1677 
	2.1063 
	2.1022 
	1.9816 
	1.9289 

	16.9
	0.05917
	2.2185 
	2.2128 
	2.1637 
	2.0184 
	2.0212 

	18.6
	0.05376
	2.3068 
	2.2831 
	2.2631 
	2.0929 
	2.0673 



Based on the original experiment, we prepared nano-CdS particles with three different sizes. The values of the reciprocal of particle size in the range 0.065–0.112 nm−1 are 9.2, 10.5 and 11.7 nm. Conductivity data of the novel prepared nano-CdS aqueous solutions at different temperatures are shown in Table S4. Fig. S7 shows the critical size distributions of the molar surface heat capacity and specific surface heat capacity of nano-CdS, which are in the range 0.065–0.112 nm−1.
The critical size numerical diagram of the molar surface heat capacity of nano-CdS after adding three novel particle sizes were derived through calculations. In addition, we have substituted the value of three novel reciprocal of particle size according to the curve fitted equation of specific surface enthalpy and particle size in Fig. 10 (c), which is obtained their specific surface enthalpy data. Finally, the specific surface heat capacity critical size numerical diagram of CdS in the range of 0.065–0.112 nm−1 is calculated by Eqn (35).
[image: ]
Fig. S5 After adding three particle sizes in the range 0.065–0.112 nm−1: (a) Molar surface heat capacity critical size numerical diagram of CdS, (b) specific surface heat capacity critical size numerical diagram of CdS.
Table S7
Values of specific surface enthalpy of nano-CdS
	

	

	
/(J∙m−2)

	
	
	288.15 K
	298.15 K
	308.15 K
	318.15 K
	328.15 K

	7.2
	0.13889
	2.5471
	2.2492
	1.9608
	1.6820
	1.4127

	8.1
	0.12346
	3.0729
	2.7438
	2.4266
	2.1213
	1.8280

	9.2
	0.10870
	3.5363
	3.2099
	2.8838
	2.5579
	2.2321

	10.5
	0.09524
	3.9583
	3.6311
	3.2931
	2.9442
	2.5845

	11.7
	0.08547
	4.2572
	3.9294
	3.5805
	3.2104
	2.8192

	15.1
	0.06623
	4.7944
	4.4827
	4.1086
	3.6721
	3.1732

	16.9
	0.05917
	5.0618
	4.7613
	4.3232
	3.9166
	3.3602

	18.6
	0.05376
	5.1619
	4.8641
	4.4158
	4.0010
	3.4219
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