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1.0 SUMMARY 
 
STUDY: Determination of the Dissociation Constant and UV-VIS Absorption 

Spectra of H-28307 
 
SPONSOR : E.I. du Pont de Nemours and Company 
 
WILDLIFE INTERNATIONAL, LTD. PROJECT NUMBER:  112C-147 
 

 TEST DATES: Experimental Start (OECD) – June 26, 2008 
    Experimental Start (EPA) – June 27, 2008 

   Experimental Termination – August 5, 2008 
 
  
 
RESULTS: The pKa value for H-28307 was determined to be 2.84 (SD = 0.0210, CV 

= 0.738 %) at 20°C. 
 
                           Absorption spectra of H-28307 test solutions prepared at pH 1.78               

showed one absorbance maximum at 203.5 nm.  The mean bandwidth at 
this wavelength was 14.5 nm, and the mean molar absorption coefficient 
(ε) was 115 L/mol-cm. at 25° C.  

 

                        Absorption spectra of H-28307 test solutions prepared at pH 7.00 showed 
one absorbance maximum at 203.5 nm.  The mean bandwidth at this 
wavelength was 17.0 nm, and the mean molar absorption coefficient (ε) 
was 100 L/mol-cm. at 25° C. 

 

                        Absorption spectra of H-28307 test solutions prepared at pH 10.0 showed 
one absorbance maximum at 203.5 and 204.0 nm.  The mean bandwidth 
at this wavelength was 15.0 nm, and the mean molar absorption 
coefficient (ε) was 106 L/mol-cm. at 25° C. 
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2.0 INTRODUCTION 
This study was conducted by Wildlife International, Ltd. for E. I. Du Pont de Nemours 
and Company and identified as Project Number 112C-147.  Dissociation constant 
determinations were performed between June 26 and June 27, 2008.  The UV-VIS 
absorption spectral analyses were performed on August 5, 2008.  The study was 
performed following procedures in the OECD Guideline for Testing of Chemicals, 112, 
Dissociation Constants in Water (1), Product Properties Test Guidelines, OPPTS 
830.7370, Dissociation Constants in Water (2) and OECD Guidelines for Testing of 
Chemicals, 101:  UV-VIS Absorption Spectra (3).  Raw data generated by Wildlife 
International, Ltd. and a copy of the final report are filed under Project Number 112C-
147 in archives located on the Wildlife International, Ltd. Site.  
 

3.0 OBJECTIVES 
The objectives of this study were to determine the dissociation constant(s) and absorption 
spectra of the test substance. 
 

4.0 EXPERIMENTAL DESIGN 
The titration method was used to determine the dissociation constant K (expressed as its 
log value, pk) of the test substance in HPLC-grade bottled reagent water.  A sufficiently 
strong titrant of appropriate concentration is added incrementally to determine a 
potentiometric response.  The absorption spectra were determined from 190 nm – 800 nm 
based upon procedures in OECD Guideline 101.  The dissociation constant determination 
was conducted at 20°C and the UV-VIS absorption spectra were analyzed at 25°C. 
 

5.0 MATERIALS AND METHODS 
The test methods employed in this study were based upon procedures specified in the 
study protocol entitled “Determination of the Dissociation Constant of H-28307” 
(Appendix I). 

5.1 Test Substance 
The test substance was received from E. I. Du Pont de Nemours and Company on 
December 11, 2007 and was assigned Wildlife International, Ltd. Identification number 
8319 upon receipt.  The test substance was a liquid, identified as: HFPO Dimer Acid 
(FRD 903).  The test substance had a reported purity of 98% and reanalysis date of 
October 4, 2008. The certificate of analysis is presented in Appendix II.  The test 
substance was stored at ambient temperature in locked storage at the Wildlife 
International, Ltd. Facilities in Easton, Maryland. 

5.2 Reference Substance 
The benzoic acid reference substance was received from Sigma-Aldrich Chemical 
Company on June 10, 1998, and was assigned Wildlife International, Ltd. Identification 
number 4505 upon receipt.  The reference substance, a solid, was identified as:  Benzoic 
acid; Lot Number 15422JR; CAS Number 65-85-0.  The reference substance had a 
reported purity of 99.6% (Appendix II) and was stored under ambient conditions. 
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5.3 Reagents and Solvents 
HPLC bottled water was used.  The water met ASTM Type II standards (ASTM D 1193-
91) (4).  All other reagents were ACS grade or better.  There were no known levels of 
contaminants in the reagents or test substance that interfered with the purpose or conduct 
of the test. 

 

5.4 Determination of Dissociation Constant 
For the definitive study, three replicate samples, each at approximately 3 mg/mL in 
HPLC-grade water, were prepared.  For each preparation, approximately 0.3 g of the test 
substance was brought to a final volume of 100 milliliters in a volumetric flask.  The 
water was degassed with nitrogen to remove carbon dioxide prior to use.  Each sample 
was equilibrated to 20 ± 1°C in a water bath then transferred into a beaker.  The samples 
were then titrated against standardized 0.1N sodium hydroxide solution.  The titration 
parameters used are outlined in Table 1.   At least ten incremental additions were made 
before the equivalence point; the titration was carried out past the equivalence point.  The 
pK value was calculated for a minimum of ten points prior to the equivalence point on the 
titration curve.  The acid dissociation constant (Ka) and pKa were determined as follows: 
 

                                                                              Ka = ([B]/[HB]) 
  pKa = pH – log([B]/[HB]) 

Antilog (-pk) = K 
 

Where pH = pH of test solution at any point 
[B] = concentration of ionized species 

       [HB] = concentration of unionized species 
 

5.5 Determination of Molar Absorptivity 
The absorption spectrum analyses were performed at 25°C.  The absorption spectra were 
obtained at a pH of less than 2 (1.78), pH 7 and pH 10.  Triplicate analyses were 
performed at each pH.  A control/blank solution was prepared which contained only the 
buffer of interest.    Acceptable absorbance readings of the blank did not vary more than  
0.05 absorbance units from the nominal zero value.  An accurately weighed amount of 
test substance was dissolved its appropriate buffer solution, quantitatively transferred to a 
volumetric flask and diluted to the mark (with buffer solution).  The concentration of the 
test substance solution was determined to achieve an absorbance maximum in the range 
0.5 to 1.5 absorbance units (Table 2).  For each test solution, the wavelength and 
absorbance for the single peak were recorded.  The bandwidth at half height was 
determined.  The molar absorption coefficient was calculated using the following 
equation: 
 
 ε = A/bc 
 
where ε = molar absorption coefficient (L/mol-cm) 
A = absorbance 
b = path length of cuvette (1.00 cm) 
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c = molar concentration of test substance (moles/L) 
 
The mean and standard deviation of the bandwidths, molar absorption coefficients and 
log ε values were calculated at each pH level. 
 
 
 

6.0 RESULTS AND DISCUSSION 
The calculated pKa value for the reference substance, benzoic acid, is summarized in 
Table 3.  The averaged calculated pKa value was 4.28 at 20.0°C.  Although slightly 
elevated, the value is consistent with the value cited in OPPTS 830.7370 of 4.19.   
 
The corresponding calculated pKa value for the test substance is summarized in Table 4. 
The mean pKa value was 2.84 (SD = 0.0210, CV = 0.738%) at 20° C.  A representative 
titration data curve for the analyte is presented in Figure 1. 
 
Absorption spectra of H-28307 test solutions prepared at pH 1.78 showed one absorbance 
maximum at 203.5 nm.  The mean bandwidth at this wavelength was 14.5 nm, and the 
mean molar absorption coefficient (ε) was 115 L/mol-cm.  The blank solution displayed 
no absorbance (0.0 ± 0.05AU).  Table 5 illustrates a summary of the absorption spectra 
results at pH 1.78.  Representative spectra of the aqueous buffer blank and the test 
substance are presented in Figures 2 and 3, respectively.  
  
Absorption spectra of H-28307 test solutions prepared at pH 7.00 showed one absorbance 
maximum at 203.5 nm.  The mean bandwidth at this wavelength was 17.0 nm, and the 
mean molar absorption coefficient (ε) was 100 L/mol-cm. The blank solution displayed 
no absorbance (0.0 ± 0.05AU).  Table 6 illustrates a summary of the absorption spectra 
results at pH 7.00.  Representative spectra of the aqueous buffer blank and the test 
substance are presented in Figures 4 and 5, respectively. 
 
Absorption spectra of H-28307 test solutions prepared at pH 10.0 showed one absorbance 
maximum at 203.5 and 204.0 nm.  The mean bandwidth at this wavelength was 15.0 nm, 
and the mean molar absorption coefficient (ε) was 106 L/mol-cm. The blank solution 
displayed no absorbance (0.0 ± 0.05AU).  Table 7 illustrates a summary of the absorption 
spectra results at pH 10.0.  Representative spectra of the aqueous buffer blank and the test 
substance are presented in Figures 6 and 7, respectively. 
 
 

7.0 CONCLUSION 
 
The pKa value for H-28307 was 2.84 (SD = 0.0210, CV = 0.738%) at 20°C. 
 
The UV/Visible absorption characteristics of H-28307 were determined at 25°C in 
aqueous buffered solutions of pH 1.78, pH 7.00 and pH 10.0.  The mean molar absorption 
coefficient and mean bandwidth for pH 1.78 (at 203.5 nm) were determined to be 115 
L/mol-cm and 14.5 nm.  The mean molar absorption coefficient and mean bandwidth at 
pH 7.00 (at 203.5 nm) were determined to be 100 L/mol-cm and 17.0 nm.  The mean 
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molar absorption coefficient and mean bandwidth at pH 10.0 (at 203.5 and 204.0 nm) 
were determined to be 106 L/mol-cm and 15.0 nm.  
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Table 1 
 

Operating Parameters for Automatic Titrator 
 
 

Titrator:  Metrohm Model 716 DMS Titrino 

   
Titration parameters  Definitive Trials 

Mode  MET 

Volume Step  0.10 mL 

Titration Rate  Max. mL/min 

Signal Drift  50 mV/min 

Equilibration Time  26 seconds 

Start Volume  OFF 

Pause  0 seconds 

Measurement Input  1 

Temperature  20 ± 1°C 

Stop Volume  19.9 mL 

Stop pH  12.0 
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Table 2 
 
 

Operating Parameters for UV-VIS Spectrometer 
 
 

INSTRUMENT: Jasco Model V-550 UV/VIS Spectrophotometer 
DETECTOR: Dual-beam Photodiode Array 
CELL TYPE: Quartz glass 
PATH LENGTH: 1.00 cm 
TEMPERATURE: 25 ± 2 °C 
BAND WIDTH: 0.5 nm 
DATA PITCH: 0.5 nm 
SCAN RANGE: 800 to 190 nm 
SCAN SPEED: 100 nm/min. 

 
Page 16 of 44 



 
Determination of the Dissociation Constant and UV-VIS Absorption Spectra of H-28307 Dupont-26349 
 
 

Table 3 
 

pKa Value of Benzoic Acid in Reagent Water at 20°C 
 
 

 
Sample Number 

(112C-147-REF-) 

Nominal  
Concentration 

(mg/mL) 

Temperature 

(°C) 

Equivalence 
Point 
(pH) 

Titrant 
Volume 

(mL) pKa 
1

Mean 
pKa 

Standard 
Deviation 

1 

2 

1.221 

1.223 

20.1 

20.1 

8.174 

8.226 

9.800 

9.900 

4.2953 

4.2669 

 

4.28 

 

0.0201 

(CV = 0.469 %) 

 Antilog (-pKa) = 5.23 x 10-5

1 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 4 
 

pKa Value of H-28307 in Reagent Water at 20°C 
   
   

Sample Number 

Nominal  
Concentration 

(mg/mL) 

Temperature 

(°C) 

Equivalence 
Point 
(pH) 

Titrant 
Volume 

(mL) pKa 
1

Mean 
pKa 

Standard 
Deviation 

112C-147-1 

112C-147-2 

112C-147-3 

2.871 

3.172 

3.200 

20.0 

20.0 

20.1 

7.777 

8.131 

8.473 

8.500 

9.400 

9.500 

2.8280 

2.8664 

2.8326 

 

2.84 

 

 

0.0210 
(CV = 0.738 %) 

 

 Antilog (-pKa) = 1.45 x 10-3

1 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 5 
 

Summary of Absorption Spectra Results at pH 1.78 at 25° C  
 
 

 
 

Sample I.D. 
(112C-147-1.78-) 

 
 

Concentration 
(Moles/L) 

 
 

Wavelength 
(nm) 

 
 

Absorbance 
(AU) 

 
 

1Bandwidth 
(nm) 

Molar 
Absorptivity 

Coefficient – ε 
(L/mol-cm) 

 
 

Log 
(ε) 

 
1 

 
7.87759E-03 

 
203.5 

 
0.9160 

 
14.5 

 
116 

 
2.07 

 
2 

 
7.51401E-03 

 
203.5 

 
0.8627 

 
14.5 

 
115 

 
2.06 

 
3 

 
7.84730E-03 

 
203.5 

 
0.8919 

 
14.5 

 
114 

 
2.06 

 
 
 

  Mean: 
Std.Dev: 

14.5 
0.00 

115 
1.00 

2.06 
0.00 

1Extrapolated value, assuming perfect symmetry in peak shape 
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Table 6 
 

Summary of Absorption Spectra Results at pH 7.00 at 25° C 
 
 

 
 

Sample I.D. 
(112C-147-7.00-) 

 
 

Concentration 
(Moles/L) 

 
 

Wavelength 
(nm) 

 
 

Absorbance 
(AU) 

 
 

1Bandwidth 
(nm) 

Molar 
Absorptivity 

Coefficient – ε 
(L/mol-cm) 

 
 

Log 
(ε) 

 
1 

 
7.72610E-03 

 
203.5 

 
0.7874 

 
17.0 

 
102 

 
2.01 

 
2 

 
7.69580E-03 

 
203.5 

 
0.7773 

 
17.0 

 
101 

 
2.00 

 
3 

 
7.84730E-03 

 
203.5 

 
0.7638 

 
17.0 

 
97.3 

 
1.99 

 
 
 

  Mean: 
Std.Dev: 

17.0 
0.00 

100 
2.65 

2.00 
0.00 

1Extrapolated value, assuming perfect symmetry in peak shape 
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Table 7 
 

Summary of Absorption Spectra Results at pH 10.0 at 25° C 
 

 
 

 
 

Sample I.D. 
(112C-147-10.0-) 

 
 

Concentration 
(Moles/L) 

 
 

Wavelength 
(nm) 

 
 

Absorbance 
(AU) 

 
 

1Bandwidth 
(nm) 

Molar 
Absorptivity 

Coefficient – ε 

(L/mol-cm) 

 
 

Log 
(ε) 

 
1 

 
7.69580E-03 

 
204.0 

 
0.8177 

 
15.0 

 
106 

 
2.03 

 
2 

 
7.63521E-03 

 
203.5 

 
0.8119 

 
15.0 

 
106 

 
2.03 

 
3 

 
7.57461E-03 

 
204.0 

 
0.8064 

 
15.0 

 
106 

 
2.03 

 
 
 

  Mean: 
Std.Dev: 

15.0 
0.00 

106 
0.00 

2.03 
0.00 

1Extrapolated value, assuming perfect symmetry in peak shape 
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Figure 1 
 

Representative plot of titration curve for H-28307 (Sample ID:  112C-147-1) 
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Figure 2 
 

Representative spectra of pH 1.78 aqueous buffer. 
(Sample I.D.:  112C-147-1.78-0) 
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Figure 3 
 

Representative spectra of H-28307 in pH 1.78 aqueous buffer. 
(Sample I.D.:  112C-147-1.78-1) 
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Figure 4 
 

Representative spectra of pH 7.00 aqueous buffer. 
(Sample I.D.:  112C-147-7.00-0) 

 
 
 

 
Page 25 of 44 



 
Determination of the Dissociation Constant and UV-VIS Absorption Spectra of H-28307 Dupont-26349 
 
 

Figure 5 
 

Representative spectra of H-28307 in pH 7.00 aqueous buffer. 
(Sample I.D.:  112C-147-7.00-1) 
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Figure 6 
 

Representative spectra of pH 10.0 aqueous buffer. 
(Sample I.D.:  112C-147-10.0-0) 
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Figure 7 
 

Representative spectra of H-28307 in pH 10.0 aqueous buffer. 
(Sample I.D.:  112C-147-10.0-1) 
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Appendix I 
 

Protocol and Amendments 
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Appendix III 
 

Personnel Involved in the Study 
 
 
The following key Wildlife International, Ltd. personnel were involved in the conduct or management 

of this study: 
 
 

 1.    Willard B. Nixon, Ph.D., Director of Chemistry 
2. John R. Murrell, B.S., Senior Chemist 
3. Frank J. Lezotte, B.S., Senior Chemist 
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