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6. SUMMARY 

For all tests no official (OECD) guidelines are available. The tests were performed 
according to internal standard operation procedures and methods, describing the 
operation for the employed instruments and analytical techniques (see point 7.1) 
 
 
With the test item Bis(2-ethylhexyl) tetrabromophthalate, Batch no.: GS16337E71 the 
following analytical determinations were performed: 
 
 
Results: 
 
 
 
Appearance 
Physical state of the test item Bis(2-ethylhexyl) tetrabromophthalate: 
Liquid, slight viscous 
Colour of the test item Bis(2-ethylhexyl) tetrabromophthalate: 
Colourless 
 
 
 
FT-IR Spectroscopy 
The founded FTIR bands of structure elements correlate with the structure of the test 
item Bis(2-ethylhexyl) tetrabromophthalate, see point 9.1.2. 
 
 
 
Identity of Bis(2-ethylhexyl) tetrabromophthalate by NMR-Spectroscopy 
The spectroscopical data of the 1H-NMR and 13C-NMR spectra were in agreement 
with the test item Bis(2-ethylhexyl) tetrabromophthalate. The spectra and the 
correspondence of the recorded chemical shifts to the molecular structure are 
presented under point 9.1.3. 
 
 
 
Material balance of Bis(2-ethylhexyl) tetrabromophthalate 
The content of the test item Bis(2-ethylhexyl) tetrabromophthalate was determined by 
GC-analysis. The quantification was done by area normalization with consideration 
of water content and non-volatile components. 
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Bis(2-ethylhexyl) 
tetrabromophthalate 

Batch no.: GS16337E71 

2-Ethylhexyl 2,3,4,5-tetrabromobenzoate 
(Component 1) 

  2.5  % 

Bis(2-ethylhexyl) 3,4,?-tribromophthalate 
(Components 2 and 3)* 

  0.5  % 

Bis(2-ethylhexyl) 2,3,4,5-tetrabromophthalate 
(Component 4) 

95.5  % 

Sum of unknown components (18), 
each component ≤ 0.3 %    0.9  % 

Residue of evaporation   0.63 % 

Water content by K. F. < 0.1  % 

Sum of all 100.0  % 

* For the two components at RT = 10.9 minutes and RT = 11.4 minutes the two structural isomers bis(2-ethylhexyl)   
  3,4,5-tribromophthalate and bis(2-ethylhexyl) 3,4,6-tribromophthalate could be proposed. 
 
 
Gas Chromatography - Mass Spectrometry (GC-MS) 
For structure elucidation GC-MS chromatogram (TIC) and GC-MS spectra of the 
components of the test item Bis(2-ethylhexyl) tetrabromophthalate were recorded. 
The proposed structures and the corresponding MS spectra of the components of the 
test item Bis(2-ethylhexyl) tetrabromophthalate are described in Figures 8 – 14 under 
point 9.1.4.3 
 
 
 
The material balance is complete with respect to the state of the art. 
 
 
The stipulated content for further use of Bis(2-ethylhexyl) tetrabromophthalate was:  
95.5 %. 
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7. EXPERIMENTAL PROCEDURE 

7.1. Methods, guidelines and documents 
 
REACH regulation EC/1907/2006EU Directive 91/414/EEC 
 
Currenta internal method 2011-0527201-96D – Appearance, physical state of 
the test item, see point 9.1.1. 
 
SOP 00128 Version 4 – FT-IR spectroscopy. This SOP is an internal SOP 
describing the recording of a Fourier Transform Infrared spectrum employing 
a Thermo Scientific Nicolet iS5 spectrometer, see point 9.1.2. 
 
Method 2012-0620501-08D and method 2012-0620601-08D. These methods 
are internal methods describing the recording and interpretation of a 
1H-NMR and a 13C-NMR spectrum employing a NMR-Spektrometer Bruker 
Avance III 400, see point 9.1.3 

 
GC-FID method with quantification by area normalization and GC mass 
spectrometry is described in point 6.1.1. 
 
Currenta internal method 2011-0520901-96D – Residue of evaporation. 
 
Currenta internal method 2011-0131401-90D and 2011-0131301-90D – 
Water content by Karl Fischer technique. 
 
 

7.2. Principle of the test 
 
Appearance, physical state of the test item 
The test item was visual inspected at ambient temperature (23 °C). The 
colour and the physical state of the test item were described. 
 
Fourier Transform Infrared (FTIR) Spectroscopy 
An infrared transmission spectrum is generated by comparison of the 
intensity of the infrared radiation after passing the sample and after passing 
the empty optical path or a blank solution. Infrared absorption bands are 
typical for structural elements of the test substance and therefore useful for 
identity determinations. 
 
Nuclear Magnetic Resonance (NMR) Spectroscopy 
NMR Spectra are generated by inducing nuclear magnetical resonance of 
atom nuclei. The resonance frequency of specific atom nuclei (1H, 13C) 
depends on their chemical environment and is therefore specific for a 
molecule.
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Gas Chromatography (GC)  
The content of Bis(2-ethylhexyl) tetrabromophthalate is determined by GC-
analysis using a M&N Optima 5 HT capillary column and a flame ionization 
detector (FID). The quantification was done by area normalization with 
consideration of water content and unvolatizable components. Due to the 
similar structures of the main and the minor components, all components 
show an equal response to the FID. For this reason the received area 
percents are equal to weight percents. 
 
Identity by Mass Spectrometry (MS) 
A solution of the test item is leaded to the mass spectrometric investigation 
after passing a gas chromatographic column. Inside an ion source the 
molecules are bombarded with free electrons emitted from a filament with 
70 eV (electron impact ionization). Molecular ion and typical fragmentation 
patterns of the molecular ion can be generated. The fragments are actually 
charged ions with a certain mass and are recorded after separation in an 
electromagnetic field. The received mass spectrum is a characteristic 
fingerprint of the molecule and can be used to identify the structure. 
 
Residue of evaporation 
The sample is weighed into a tared round bottom flask with standard ground 
joint. The sample is slowly heated up under vacuum in a Büchi-bulb tube 
distilling oven until constant weight is reached. 
 
Water content by Karl Fischer 
The originally weighted sample of the test item is dissolved in the Karl 
Fischer solvent or in an appropriate solvent mixture and titrated back with the 
Karl Fischer titrant. The end point detection is detected biamperometrically 
using a Pt-indicator electrode. Karl Fischer solvent and Karl Fischer titrant 
are commercial reagents for determination of water content. 
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8. TEST MATERIAL 

8.1. Sample description 

Test item: Bis(2-ethylhexyl) tetrabromophthalate 

Chemical name: bis(2-ethylhexyl) 3,4,5,6- 
tetrabromophthalate 

CAS name: 1,2-Benzenedicarboxilic acid, 3,4,5,6-
tetrabromo-, 1,2-bis(2-ethylhexyl) 
ester 

CAS number: 26040-51-7 

Empirical formula: C24H34Br4O4 

Molecular mass: 706.2 g/mol 

Structural formula:  

                                                 

O

O

O

O

CH3

CH3

CH3

CH3

Br

Br

Br

Br
 

 

Batch number: GS16337E71 

Sample number: 2970 

Date of receipt: 2016-12-22 

Expiry date: 2018-05-12 
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9. METHODS AND RESULTS 

9.1. Identity, Appearance, Spectral Data, Material Balance and Mass 
Spectrometry by GC-MS of Bis(2-ethylhexyl) tetrabromophthalate. 
 

9.1.1. Test:  Appearance, physical state of the test item Bis(2-ethylhexyl) 
   tetrabromophthalate. 
Method no.: 2011-0527201-96D 
Supervisor: Rainer Jungheim 
  
Result: Physical state: Liquid, slight viscous  
 Colour: Colourless 
 
Procedure:  
The test item Bis(2-ethylhexyl) tetrabromophthalate was visual inspected at 
ambient temperature (23 °C). The colour and the physical state of the test 
item were described. 
 
 
 

9.1.2. Test:  FTIR spectrum 
 
Method no.: SOP 00128 Version 4 
Supervisor: Dr. Tretzel 
 
Result:  Found structure elements correlate with structure 
 
Procedure: Fourier Transform - Infrared Spectrometry 
The sample was prepared in form of a thin film on a KBr disk. A high resolution 
FTIR spectrum is scanned and evaluated (see Figure 1). 
Identity was confirmed by interpretation of the following structural parts. 
 
 
Structural parts:      O-C=O:        1737 cm-1 
          CH2:        2930, 2860, 1462 (including CH3) cm-1 
          CH3:        2959, 2872, 1462 (including CH2), 1381 cm-1 
                                Aromatic:      1535, 1515 cm-1 
          C=C-C-O-R:  ca. 1250 bis 1225 cm-1 
              ‖ 
              O 
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Figure 1: FTIR Spectrum of the test item Bis(2-ethylhexyl)  
                tetrabromophthalate.



CURRENTA GmbH & Co. OHG  Study No.: 2016/0149/01 
Analytik 
 
 
 

 Page 16 of 32 

 
9.1.3. Test:  1H-NMR spectrum and 13C-NMR spectrum of the test item  

   Bis(2-ethylhexyl) tetrabromophthalate 
Method no.: 2012-0620501-08D, NMR-measurement 
    2010-0620601-08D, NMR-structure elucidation 
     
Supervisor: Dr. Westfeld 
 
Result:  Observed resonances are in agreement with the test item 
 
Procedure:  
Nuclear Magnetic Resonance (NMR) Spectroscopy 
The sample was weighed and dissolved in deuterated chloroform (CDCl3) 
for NMR technique. Finally, 1H-NMR and 13C-NMR spectra were recorded 
(2012-0620501-08D). The structure of the analyte is derived from the 
spectral characteristics of the signals (2012-0620601-08D). 
Details, such as experimental conditions and interpretation, see enclosed 
spectra (Figure 3 and Figure 4). Figure 2 shows the structure and the results 
with the chemical shifts of the 1H-nuclei and 13C-nuclei of the test item 
Bis(2-ethylhexyl) tetrabromophthalate. 
 

            

        Chemical shifts 1H-NMR in ppm     Chemical shifts 13C-NMR in ppm 
       (Solvent: CDCl3, Reference: TMS)                 (Solvent: CDCl3, Reference: TMS) 
 
Figure 2: Structure and results of 1H-NMR and 13C-NMR data of the test 
               item Bis(2-ethylhexyl) tetrabromophthalate, chemical shifts in ppm, 
               reference: tetramethylsilane (TMS), 
               solvent: deuterated chloroform (CDCl3). 
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Figure 3: 1H-NMR spectrum of the test item Bis(2-ethylhexyl) 
                tetrabromophthalate in CDCl3. 
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Figure 4: 13C-NMR spectrum of the test item Bis(2-ethylhexyl) 
                tetrabromophthalate in CDCl3. 
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9.1.4. Test:  Content and mass spectra of Bis(2-ethylhexyl) tetrabromophthalate 

   by Gas Chromatography (GC-FID and GC-MS). 
Supervisor: Dr. Schröder 
 
Method parameters: 
Procedure: Capillary Gas Chromatography (GC) with FID and 
  MS detection 
Gas chromatograph: Agilent 6890 
Chromatographic column: Fused silica capillary 
Stationary phase: M&N  726104.15 Optima 5 HT 
Length: 15 m 
Internal diameter: 0.32 mm 
Film thickness: 0.10 µm 
Carrier gas: Helium 
Split flow: 99.9 ml / minute 
Flow: 6.0 ml / minute constant flow  
Sample injection: Split injection 
Injection volume: 1.0 µl 
Injector temperature: 320 °C 
Temperatur program: 

 

 
 

  

FID-Detector:  
Detector temperature: 350 °C 
MS-Detector:  
Ionisation method: Electron ionization (EI-positive) 
Ion Source: 230 °C 
Quadropole: 150 °C 
Transfer-line: 400 °C 
Electron-Energy: 70 eV 
Multiplier: 2047 V 
Data acquisition: Scan-Modus 
Scanning Mass Range: 12 – 800 

Temp. 

[ϑ] = °C 

Time 

[t] = min 

Ramp 
[ϑ· ] = K/min 

100 -- 15 
380 20 15 
300 -- -- 
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Sample preparation: 134.8 mg of the test item was dissolved with 
   1.5 ml acetonitrile.  
 
 

9.1.4.1. Results: 
 
Quantification was done by area normalization with consideration of water 
content and non-volatile components. Due to the similar structures of the 
main and the minor components, all components show an equal response to 
the FID-detector. For this reason the received area percents are equal to 
weight percents. 
 
 
Table 1: Identified components of Bis(2-ethylhexyl) tetrabromophthalate 
              determined by GC-FID and GC-MS. 

Component 
Retention time 

(RT) 

2-Ethylhexyl 2,3,4,5-tetrabromobenzoate 
(Component 1) 9.2 minutes 

Bis(2-ethylhexyl) 3,4,?-tribromophthalate 
(Components 2 and 3)* 10.9 / 11.4 minutes 

Bis(2-ethylhexyl) 2,3,4,5-tetrabromophthalate 
(Component 5) 12.3 minutes 

 
* For the two components at RT = 10.9 minutes and RT = 11.4 minutes the two structural isomers 
bis(2-ethylhexyl) 3,4,5-tribromophthalate and bis(2-ethylhexyl) 3,4,6-tribromophthalate could be 
proposed.
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Table 2: Content of the test item Bis(2-ethylhexyl) tetrabromophthalate 
              determined by GC-FID. 

Component Test 1           
Content [%]  

Test 2          
 Content [%] 

Mean Value 
[%] 

2-Ethylhexyl 2,3,4,5-
tetrabromophthalate 
(Component 1) 

2.47 % 2.47 % 2.5 % 

Bis(2-ethylhexyl) 
3,4,?-tribromophthalate 
(Components 2 and 3)* 

0.50 % 0.54 % 0.5 % 

Bis(2-ethylhexyl) 2,3,4,5-
tetrabromophthalate 
(Component 4) 

95.57 % 95.44 % 95.5 % 

Unknown impurities 0.84 % 0.92 %   0.9 % 

Number of unknown 
impurities, each component 
≤ 0.3 % 

16 18 18 

Sum   99.4 % 

 
* For the two components at RT = 10.9 minutes and RT = 11.4 minutes the two structural isomers 

     bis(2-ethylhexyl) 3,4,5-tribromophthalate and bis(2-ethylhexyl) 3,4,6-tribromophthalate could be 
   proposed.
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9.1.4.2. Example chromatograms of GC-FID 

 
Figure 5: GC-FID chromatogram of the test item Bis(2-ethylhexyl) 
               tetrabromophthalate.
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Figure 6: GC-FID chromatogram of the test item Bis(2-ethylhexyl) 
               tetrabromophthalate (zoomed).
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Figure 7: GC-FID chromatogram, blank 
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9.1.4.3. Chromatograms of GC-MS (TIC) and MS-spectra 

 
Figure 8: GC-MS chromatogram (TIC) of the test item Bis(2-ethylhexyl) 
               tetrabromophthalate. 
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Figure 9: GC-MS chromatogram (TIC) of the test item Bis(2-ethylhexyl) 
               tetrabromophthalate (zoomed). 
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Figure 10: GC- MS chromatogram (TIC), blank 
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Figure 11: EI-MS spectrum of the component 1 at RT = 9.2 minutes 
  Assignment of major m/z peaks: 
  m/z   70:   Fragment formula: C5H10 

  m/z 112:   Fragment formula: C8H16 

  m/z 420:   Fragment formula: C6HBr4CO 
       For the component at RT = 9.2 minutes the following structure 
     could be proposed (isomerism is possible): 
 
 
        2-Ethylhexyl 2,3,4,5-tetrabromobenzoate 
 
 
                Molecular formula: C15H18O2Br4 Molecular weight: 550 g/mol 

O

O CH3

Br

Br

Br

Br

CH3
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Figure 12: EI-MS spectrum of the component 2 at RT = 10.9 minutes 
                 For assignment of major m/z peaks and the proposed structure(s) 
                 see Figure 13. 
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Figure 13: EI-MS spectrum of the component 3 at RT = 11.4 minutes 
  Assignment of major m/z peaks: 
  m/z   57:   Fragment formula: C4H9 

  m/z 112:   Fragment formula: C8H16 

  m/z 387:   Fragment formula: C6HBr3C2O3H 
  For the two components at RT = 10.9 minutes and RT = 11.4 
  minutes the following two isomeric structures could be proposed: 
 
 
        and 
 
                  Bis(2-ethylhexyl) 
                                                                           3,4,?-tribromophthalate 

Molecular formula: C24H35O4Br3 Molecular weight: 627 g/mol 

OO

Br

Br Br

O O

CH3 CH3

CH3 CH3 O

O

O

O

CH3

CH3CH3

CH3

Br Br
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Figure 14: EI-MS spectrum of component 4 at RT = 12.3 minutes 
  Assignment of major m/z peaks: 
  m/z   57:   Fragment formula: C4H9 

  m/z 112:   Fragment formula: C8H16 

  m/z 465:   Fragment formula: C6Br4C2O3H 
       For the component at RT = 12.3 minutes the following structure 
     could be proposed: 
 
 
 
            Bis(2-ethylhexyl) 2,3,4,5-tetrabromophthalate 
 
 

                 Molecular formula: C24H34O4Br4  Molecular weight: 706 g/mol 

OO

Br

Br Br
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9.1.5. Test:  Residue of evaporation 

Method no.: 2011-0520901-96D 
Supervisor: Dr. Schröder 
 
Conditions: 250 °C, < 0.1hPa 
Result: 0.63 % 
 
Procedure:  
The sample is weighed into a tared round bottom flask with standard ground 
joint. Under the above-mentioned conditions the sample is slowly heated up 
in a Büchi-bulb tube distilling oven until constant weight is reached. 
 
 
 
 

9.1.6. Test: Water content by Karl Fischer technique 
Method no.: 2011-0131301-90D and 2011-0131401-90D 
Supervisor: Stefan Hendricks 
 
Result: < 0.1 % 
 
Procedure: Karl Fischer technique 
The originally weighted sample of the test item was dissolved in the Karl 
Fischer solvent or in an appropriate solvent mixture and titrated back with the 
Karl Fischer titrant. The end point detection was detected biampero-
metrically using a Pt-indicator electrode. Karl Fischer solvent and Karl 
Fischer titrant are commercial reagents for determination of water content. 
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