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ABSTRACT 
 

 The Waterman quasi-liquid model  for the impact of non- reactive  non-catalytic  excipients 

on the solid-state  chemical stability has been  revisited and  proven  illogical.  The proposed  

generalized   power law equation between the logarithm of the degradant formation rate and 

the logarithm of the reciprocal of the  drug concentration ( Log K = a log 100% / %API +  

Log K0 ) presented for determining the impact on the solid-state  chemical stability of APIs in 

dosage products as a function of the excipients  dilution has no sound scientific footing. The 

equation is hieuristic and can not be derived on the basis of the proposed model. 
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INTRODUCTION 

 

Excipients used for the formulation  purposes  in dosage products are inert to the APIs as 

otherwise they can alter  biopharmaceutical properties of the APIs, and consequently affect 

and limit their shelf-life.
1
 For these significant reasons great emphasis is laid upon the 

selection of excipients in dosage products to ensure that they are chemically inert to the APIs.  

In fact, care has also to be taken that the excipients do not contain any impurities  as these  

might react with the APIs.  Recently, it was claimed that albeit, excipients taken for 

formulation purposes are considered chemically inert, they may  still significantly  affect the 

solid-state  chemical stability  of APIs  by impacting the mobility of the API molecules at the 

excipient-drug interface.
2
 

  

EXPERIMENTAL 

 

The scope of the research work in this paper is  limited to the discussion of the theoretical 

aspects of the quasi-liquid model including the equations presented therein.   

                                          

RESULTS AND DISCUSSION 

 

Recently, it was proposed by Waterman, Gerst and Dai that the non-reactive non-catalytic 

excipients significantly   influence   the  reactivity or the stability of APIs by impacting the 

mobility of the API molecules at the excipient-drug interface.
2
 The article attracted our 

attention because of our interest in reaction mechanism, chemical kinetics and drug stability.
3-

9
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The authors  presented a proposed generalized relationship for the impact of excipients on the 

solid-state chemical stability of drug products in the form of Eq 1: 

 

                                           Log K = a log 100% / %API +  Log K0                                 1                                                                    

 

whence, K is the rate constant for  degradant formation , K0 is the  rate constant for the pure 

API, a is a fitting parameter with a maximum value of 2/3 and  %API is the concentration of 

the drug .
2
  

The Eq 1 was proposed  by the authors on the basis of the model, that was termed as “Quasi-

Liquid” Model.  In this model, it was stated that when the number of  small API particles 

exceeds the number of  large excipient particles, the API particles together can be viewed as a 

“quasi-liquid”, where the small API particles fill in the interstitial spaces between the larger 

excipient particles.   In this model two cubes  were imagined, one having a very large number 

of API particles relative to excipient particles ( called more concentrated) and another, in 

which the number of API particles was not very large compared to that of the excipient ( 

termed less concentrated) counterparts .  It was assumed that the effective length (L1) of the 

wall of the first cube would be large compared to that of the second cube (L2).  In the next 

step, the authors expressed the relative surface areas (RSA) of these cubes as the ratio of their 

respective surface areas in  the form of Eq 2: 

 

                                                      RSA  =  6L1
2
/6L2

2 
=  L1

2
/L2 

2
                                               2                                                                                                                                                                                           

 

Similarly, the relative volumes (RV) of these cubes were expressed as the ratio of their 

respective volumes (Eq 3) : 

 

                                                      RV = L1
3
/L2

3
                                                                   3                                                    

 

 The  Eq 2 was subsequently  divided by Eq 3 and the authors presented their  result  of that  

division  in the form of  Eq 4 : 

 

                                                     RSA/RV = (L1/L2)
2/3

                                                         4                                                

 

 In fact, the Eq 4 is wrong  and rather hieuristic as  we will prove shortly since division of 

RSA by RV can not, by any stretch of imagination, equal to what is shown on the right hand 

side of the equation 4.  However, let us consider Eq 4 to be correct for the time being as that 

forms the central theme of the model.  It was only on the basis of the wrongly derived Eq 4  

itself  that, it was  stated, “a graph of the lograthim of RSA versus RV gives a straight line 

with a slope of 2/3.” And  it was also on the basis of this  claimed statement (on the basis of 

the wrongly derived eq 4) that the Equation 1, the gist of the paper was proposed. 

Unfortunately, like the Eq 4, this claim of the authors  is also wrong .  In fact, a graph of the 

logarithm of RSA versus  logarithm of RV can not give a straight line with a slope of 2/3.  It  

was this ill  conceived  fundamental statement  on part of the authors, Waterman, Gerst and 

Dai that was made the basis of the proposed Eq 1. We illustrate herein why this  

interpretation is wrong. 

 Let us consider a general  power-law relation 
10

 whereby y is a function of x and K is a 

constant: 

  

                                              y(x) =K x
n
 

 

Taking logarithm of both sides we get  
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                                         Log y = Log K + n Log x 

 

Consequently, a plot of Log y versus Log x gives a straight line with slope n.
10

   

Let us  return to Eq 4 which after taking logarithm of both sides can now  be written as 

      

                         Log RSA / RV   =     2/3 Log   ( L1/L2)                

 

Evidently, it is the graph of  logarithm of  RSA / RV versus  logarithm of  L1/L2 and not the 

logarithm of  RSA versus logarithm of RV that would give us a straight line with a slope of 

2/3 as was wrongly claimed  by the authors.  Therefore, it is absolutely clear that the above  

quasi-liquid model upon the basis of which the authors proposed Eq1 is unsound, 

inconsistent, and rather hieuristic.  It was also on the basis of this wrongly imagined or 

interpretted statement that the authors jumped on to the conclusion that “in this conceptual 

model, it is to be anticipated that the rate constant for the degradant formation (k) would be 

related to the API concentration (%API) which is proportional to the volume fraction as 

shown in Eq 1,whence a would be equal to a maximum of 2/3.” 

 Having proved  that the conclusions drawn by the authors based upon  the wrongly derived  

or imagined or presented Eq 4 were wrong, we will now prove as to why Eq 4 itself is also 

incorrect or unscientific.  RSA / RV can not equal (L1/L2)
2/3

  as was shown by the authors in 

that equation . In fact , it equals  L2/ L1 as illustrated  below:   

 On dividing  Eq 2 by Eq 3, we get  

 

                              RSA/RV   =   L1
2
/L2 

2
  .  L1

3
/L2

3
                                                                    

                                                 

                                                =   L1
2
/  L1

3
 .    L2

3
 /   L2 

2
                                                                                                                          

   

               Or          RSA/RV    =   L2/ L1                                                                      5 

 

As Eq 4 is itself incorrect (and even if it were correct), it  can not form the basis of Eq1 as we 

have already demonstrated.  Thus, it is obvious that ɑ, the slope from Eq1 can not equal 2/3 

(as was wrongly interpreted or stated  by the authors on the basis of  the wrong Eq 4).  Thus, 

it is quite clear that the Eq 1 proposed by the authors for a generalized relationship for the 

impact of the excipients on  solid-state stability of an API, consequent to the wrong 

interpretation of  Eq 4 in the proposed quasi-liquid model  is scientifically  unsound. 

  

                                                CONCLUSIONS  
 

The quasi-liquid model recently  proposed by Waterman, Gerst and Dai for the impact of 

non- reactive  excipients on the solid-state chemical stability has been  revisited and  proven 

hieuristic  and illogical.  The proposed  generalized   power law equation  ( Log K = a log 

100% / %API +  Log K0 ) presented  in the quasi-liquid model for determining the impact on 

the solid-state chemical  stability of APIs in dosage products as a function of the excipients  

dilution has no sound scientific footing. The equation is merely  hieuristic and can not be  

scientifically derived on the basis of the proposed model. 
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