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Intrinsic viscosity measurement of PLGA samples 

The intrinsic viscosity was applied to evaluate whether significant degradation 

was occurring during the DSC measurements and the effect of this potential 

molecular weight change on the glass transition temperature before and after 

DSC measurements using the Mark-Houwink equation.1 Intrinsic viscosity 

measurements allow us to determine if the potential degradation of PLGA in wet 

conditions and high temperature has a significant influence on Tg. To eliminate 

the influence of the second component (surfactant) on intrinsic viscosity, non-

surfactant PLGA particles was prepared and dissolved in chloroform. The 

experiment was done in ice water which provided consistent temperature and 

avoided excessive evaporation of chloroform. The principle of intrinsic viscosity 

is based on the Mark-Houwink relation according to equation (1):  

[𝜂] = 𝐾 ∙ 𝑀𝑤
𝛼 (1) 

Where 𝛼  = 0.73,2 K is calculated from the known molecular weight of non-

surfactant PLGA particles and the accordingly measured intrinsic viscosity, which 

resulted in a value of 2.275 X 10-4. 

Preparation of non-surfactant PLGA nanoparticles 

20 mg of PLGA was weighed and dissolved in 2 ml of acetone solution to create 

the organic phase and injected into 100 of ultra-pure water. The mixture was 

stirred overnight to evaporate the organic solvent and the sample was collected 

with 40 µm cell strainers to remove the large chunks of aggreged polymer. The 

collected samples were frozen at -80°C and freeze dried to get nanoparticles. 



Intrinsic viscosity measurement 

Different amounts of non-surfactant PLGA particles (5 mg, 10 mg, 15 mg, and 20 

mg) were dissolved in chloroform to create varying concentrations of PLGA-

chloroform solution. The intrinsic viscosity measurement was performed with an 

Ubbelohde viscometer (Fisher Scientific catalog# 13614F). According to Figure 

S1, intrinsic viscosity of PLGA particles at 0°C before Tg measurement was 0.6127 

dL/g, which was set as reference to calculate the K value using the know 

molecular weight of the PLGA as 50,000 g/mol. The intrinsic viscosities of DSC 

treated PLGA particles (dry condition and wet condition) were 0.4532 dL/g and 

0.4287 dL/g, respectively, which gave molecular weights of 33,100 and 30,100 

g/mol.  

It has been reported that when the molecular weight of PLGA is higher than 

10,000 g/mol, the Tg remains stable despite changes in the molecular weight.3 

The decrease in molecular weight in samples after DSC measurement indicate 

that the DSC treated PLGA particles experienced some chain-scission during Tg 

measurement, however the degree of degradation of PLGA chains is minor and 

not significant enough to shift the Tg. Also, the Gordon-Taylor equation 

suggested that the effect of molecular weight on Tg,max is negligible when it’s 

large than 20 kDa.4 As a conclusion, we can confirm that the Tg change before 

and after DSC scans was not caused by the degradation of PLGA chains. 



 

Figure S1 Intrinsic viscosity of non-surfactant PLGA nanoparticles before DSC 

scan (black square), after DSC scan in dry condition (red circle), and after DSC 

scan in wet condition (blue triangle), and their fitting lines as measured at 0°C. 



 

Figure S2 Single Factor ANOVA analysis of PVA-PLGA particle diameter and initial 

PVA concentration. Equal variances were assumed for the analysis according to 



the results of a multiple comparisons test for equal variance. 

 

Figure S3 Single Factor ANOVA analysis of DMAB-PLGA particle diameter and 



initial DMAB concentration. Equal variances were assumed for the analysis 

according to the results of a multiple comparisons test for equal variance. 

 



Figure S4 Single Factor ANOVA analysis of Tg of PVA-PLGA dry particles and 

residual PVA. Equal variances were assumed for the analysis according to the 

results of a multiple comparisons test for equal variance. 



 

Figure S5 Single Factor ANOVA analysis of Tg of DMAB-PLGA dry particles and 

residual DMAB. Equal variances were assumed for the analysis according to the 



results of a multiple comparisons test for equal variance. 

 

Figure S6 Tg of PVA-PLGA dry particles as a function of residual PVA. The red 

fitting line of the first four data points shows the increase trend. 


