




(Reference 1 I 
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LC& which are measures of percent by volume concentration. Higher numbers indicate a 

lower toxicity since a high concentration of chemical is required to kill the animals. Low 

LC5, values show that less agent is needed to kill the animals. Use of the AD,, values also 

contributed to the same findings as the LCso value analysis. 

CHF,CH,Cl CHF,CH,Br - 
7.39 4.57 

CF,CHFCI 

44.70 

CF3CHC12 CF,CHBrCl 

7.39 1.20 

CF,ClCHFCl 

11 CF,ClCHFBr I CF,BrCHFCl I CF,CHBrCl 11 

CF3CHCI, 

II I I II 

9.03 

4.14 I 3.39 I 3.00 

7.39 

II CF,BrCHFBr CF,CHBr, 

1.57 1.20 
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TREND #3) For halopropanes, a -CF, groups adjacent to an acidic hydrogen increases the 

toxicity. Therefore, CF,CH,CHX, is preferred over CF,CHXCH,X (X's 

can be identical or dissimilar and follow trend # I ) .  

CF,CH,CHCl, CF,CHCICH,Cl 

2.41 2.20 - 

CF,CHBrCH, CF,CH,CH,Br 

7.61 4.48 - 

TREND #4) For halopropanes, -CH, groups reduce the toxicity by reducing the number of 

acidic hydrogens in the molecule. Thus, CF,CXRCH, is preferred over 

CF,CRHCH,X, where R can be either a halogen or hydrogen 

Examples: 

20.10 5.05 

TREND #5) -CH,X groups increase toxicity regardless of the other structural features of 

the molecule. 

Examples: 
I, 

CH,CH,CF,Cl 

15.96 

CH,CF,CH,Cl 

8.41 

CF,CHBrCH, 

7.61 

CF,CH,CH,Br 

4.48 
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DISCUSSION 

HALOCARBON FORMULA NAME MW1 
NUMBER 

The list of structural features presented above is only valid for the acute toxicity 

endpoints investigated, lethality and anesthesia. Although cardiac sensitization is an acute 

phenomenon, the complete mechanism of action for this response is unknown and possibly 

different than that of anesthesia or lethality due to respiratory arrest. For lethality and 

especially anesthesia, the theory of acidic hydrogens influencing the toxic response is well 

known. The observed trends support the theory that the presence of acidic hydrogen 

enhances toxicity. 

BP2, 
O C  

HBFC- 133bB 1 

HBFC-142bBl 

l-bromo-l,1,2,2- I tetrafluoroethane 
I 180.93 I 25 11 11 HBFC-124aBl I CBrF,CHF, 

CBrF,CH,F l-bromo-l,1,2-trifluoroethane 162.94 31 

CBrFXH, 1-bromo-1.1-difluoroethane 144.95 49 

HBFC-253ecB1 

~ 11 HBFC-226baB1 I CF,CBrFCHF, 1 2-bromo-l,1,1,2,3,3- 1 230.94 1 31 11 
hexafluoropropane 

CBrF,CHFCH, l-bromo-l,1,2- 116.96 60 
trifluoropropane 

11 HBFC-235faB1 I CBrF,CH,CF, I l-bromo-1,1,3,3,3- I 212.94 I 40 11 
I1 

. . ~  I pentafluoropropane II 
I 194.95 I /I HBFC-244ccB1 CBrF2CF,CH3 1-bromo-1 , 1,2,2- /I tetrafluoropropane 
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However, environmental regulations preclude further consideration of these 

compounds. Hydrobromofluorocarbons (HBFCs) are listed as regulated chemicals under the 

1992 Copenhagen Amendments to the Montreal Protocol. 

CONCLUSIONS 

Structure-activity relationships can be derived for sets of halocarbons given that a 

sufficiently large number of similar chemicals have known toxicity information. This same 

analysis can be performed on any class of chemicals that have toxicity information known on 

a selected number. In this particular analysis, a list of trends has been derived which would 

allow one to predict which chemicals or chemical isomers might have sufficiently low 

toxicity to be considered as CFC and halon replacements. Several HBFCs have been 

identified as being potentially low in toxicity; however, all of these brominated compounds 

are regulated and cannot be considered further for that reason. 

Unfortunately, the data set used herein to develop the trends influencing toxicity is 

limited and, in some case, lacks vital information to fully validate other trends. Additional 

data are needed on other isomeric pairs to fully validate these trends. 

RECOMMENDATIONS 

Research indicates that bromine or iodine is necessary to make a highly effective 

halon replacenient agent. Since no currently identified, viable brominated alkane exists, a 

similar analysis as above should be performed on other chemical classes i n  order to identify 

possible low-toxicity, high-efficiency 2nd generation candidates (2). For some chemical 

families, this analysis may simply mean a collection of existing data as was done here. This 

preliminary, low-cost screen will aid in  the selection of candidates for future halon 

replacement evaluation. 
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