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APPENDIX A 

Theory of the Calorimetric Purity Method 

(Standard Method of Calculation) 

The determination of the purity of an organic compound by DSC is based upon the well 

known fact that the presence of even minute amounts of impurity in a material 

broadens its melting range and lowers the final melting point of the material from To, 

the melting temperature of an infinitely pure material, to a lesser temperature, Tm. 

 
As the DSC theory predicts, as the impurity content increases, the melting point 

decreases and the range of melting broadens. Even minute differences in the impurity 

content of a sample result in distinct differences in the DSC melting peak shape and 

final melting temperature. 

 
The quantitative assessment of the purity of an organic material requires the knowledge 

of three important sample parameters: melting point, heat of melting (Hm) and 

analysis of the DSC melting peak shape. 

 
Power-compensated differential scanning calorimeters provide both accurate 

temperature measurements and true calorimetric measurements, thus permitting the 

simple determination of each of these three important sample parameters from a single 

dynamic DSC experiment. 

 
A true DSC measures directly the amount of energy absorbed or emitted by a sample, 

dq/dt, which can be expressed by the following simplified expression (Equation 1): 

 

  =    x          (1) 
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where 

 

    = scanning rate, degree/min 

 = heat capacity of the sample 

 
The heat capacity term in this expression provides important information about the   

shape of a melting peak and, therefore, is the most important term here. From the Van’t 

Hoff equation, which describes the rate of meting of a compound as a function of 

sample temperature, we can obtain a relationship describing the heat flow to or from a 

sample and the melting point depression of a sample due to the presence of an impurity. 

The relationships (Equations 2 and 3) are as follows: 

 

   =         (2) 

 
where: 

 
 q  = total heat of fusion of the sample, joules 

 To  = melting point of a 100 % pure material 

 Tm  = melting point of the sample 

 (To-Tm) = melting point depression due to the impurity 

Ts  = sample temperature 

 
The melting point depression due to an impurity (To-Tm) can be expressed as: 

 

   (To-Tm) =      (3) 

where: 

 
 R = molar gas constant, 8.314 J/mole-K 

 X2 = mole fraction of the impurity 

 Hm = molar heat of melting, joules/mole 

 
From these basic Van’t Hoff relationships (Equations 2 and 3), the theory of the 

determination of the purity of a sample by DSC can now be derived. To do this, we 

must first integrate Equation 2. This results in an expression which describes the 
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fraction of material reacted (melted in the case of an impurity) at any sample 

temperature on the melting curve (Equations 4 and 5): 

 

    F =     (4) 

Rearranging this equation gives: 

Ts = To -        (5) 

where: 

 
 F = fraction melted 

 Ts = sample temperature      

 
The theoretical discussion is now nearly complete. By substituting Equation 3, which 

defines the melting point depression due to an impurity, into Equation 5, we can obtain 

the now familiar linear equation for the determination of purity by DSC (Equation 6): 

 

    Ts = To –(   x  )   (6) 

 
Since Equation 6 is a linear equation, a plot of the sample temperature (Ts) versus the 

reciprocal of the fraction of material melted at that temperature (1/F) should give a 

straight line with a slope equal to the melting point depression (slope = RTo
2X2 / Hm) 

and a Y intercept To. This linear plot is referred to as a Van’t Hoff plot. The fraction of 

material at any sample temperature is determined directly from the dynamic DSC scan 

and is proportional to the peak area under the curve up to that temperature. By 

generating this Van’t Hoff plot from a series of sample temperatures and fraction 

melted results, in the range from approximately 5 to 60 percent melted, it is a relatively 

simple procedure to obtain values for To, the slope of the line, and finally, the direct 

determination of the mole fraction of impurity from Equation 6. 
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Controlled Synthesis and Processing of a Poly(L-lactide-co-ε-caprolactone) 

Copolymer for Biomedical Use as an Absorbable Monofilament Surgical Suture 
 

Sujitra Ruengdechawiwat*, Runglawan Somsunan, Robert Molloy and Jintana Siripitayananon 

Biomedical Polymers Technology Unit, Department of Chemistry, Faculty of Science,  

Chiang Mai University, Chiang Mai, Thailand 50200 

 

Abstract 

 

The main objectives of this work are twofold: (1) to synthesize new soluble tin(II) alkoxide 

initiators for the controlled ring-opening polymerisation (ROP) of cyclic ester monomers and 

(2) to synthesize and melt spin purpose-designed copolyesters for use as monofilament 

absorbable surgical sutures.  The chemical structures of the two cyclic ester monomers used: L-

lactide (LL) and ε-caprolactone (CL), and the two initiators synthesized: tin(II) poly(propylene 

glycol) 400, Sn(PPG400)2, and bis(tin(II) octoate) diethylene glycol, [Sn(Oct)]2DEG, are 

shown below.    
   

 

 

 

 

 

 

 

 
LL CL Sn(PPG)2 [Sn(Oct)]2DEG 

 

Poly(L-lactide-co-ε-caprolactone), P(LL-co-CL), 75:25 mol % copolymers were synthesized 

via the bulk ROP of LL and CL at 130°C for 48 hrs using 0.02 mol % of  initiator.  The liquid 

[Sn(Oct)]2DEG initiator was found to be the more efficient due to its much easier and faster 

solubility than the solid Sn(PPG400)2 initiator. Both copolymers were characterised and 

compared according to their molecular weights, monomer sequencing and thermal properties.  

Both P(LL-co-CL) copolymers could be melt spun into monofilament fibres of uniform 

diameter and smooth surface appearance.  The required semi-crystalline morphology could be 

built into the as-spun fibres in a series of controlled off-line annealing and hot-drawing steps1 

resulting in tensile strengths in the region of 200-400 MPa.  The small-scale melt spinning 

apparatus2 and an example of the as-spun fibres obtained are shown below.   

 

             
 

Photograph and schematic diagram of the small-scale melt spinning apparatus 

 
 

Monofilament fibre 

 

The underlying theme of this work is that it is only by understanding how the various synthesis 

and processing variables affect the copolymer’s physico-chemical microstructure that fibres 

with consistent properties can be obtained.  Microstructural control at the molecular level is 

very challenging and results so far have demonstrated that the nature and specificity of the 

initiator used in the ROP reaction is a key factor in achieving this. 
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Abstract  

Poly(L-lactide-co-ε-caprolactone) 75:25 mol %, P(LL-co-CL), initiated by either tin(II) 

octoate, Sn(Oct)2, or bis[tin(II)(octoate)] diethylene glycol ([Sn(Oct)]2DEG]), was 

synthesized via bulk copolymerization at 130oC for 48 hrs.  The copolymers obtained 

were characterized by a combination of analytical techniques, namely: nuclear 

magnetic resonance spectroscopy (NMR), gel permeation chromatography (GPC), 

differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA).  For 

processing, the copolymers were melt spun into monofilament fibers and the required 

oriented semi-crystalline morphology developed via a series of controlled off-line 

annealing and hot-drawing steps. Depending on the draw ratio, the final fibers obtained 

had tensile strengths in the region of 200-400 MPa. 
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