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ABSTRACT

prepared from experimental values available from PERFORCE datab This datab

Quantitative structure-property relationship (QSPR) studies on Melting Point and Boiling Point of Perfluorinated Chemicals (PFCs) are presented. PFCs are studied under the EU-FP7 funded
CADASTER project to understand its behavior in biota and environment. They are considered as ‘emerging pollutants’ and found widely distributed in the environment, released due to their
widespread use in different household and industrial products as cleansers, fire-fighting foams, micelles, repellants for leather, paper, and textiles etc. Continues exposure of these chemicals
is found to be the source of bio-accumulation in body parts of human, wildlife and is ultimately becoming the cause of toxic reactions and poisoning.

Models are developed using SRC PhysProp data as described below. In addition, the predictive performances of the developed models were verified on a blind external validation set (EV-set)

like US-EPA and EU-REACH. QSPR modeling using different approaches, internal an

as well as the consensus model predictions.

contains only long chain perfluoro-alkylated chemicals, particularly monitored by regulatory agencies
d external validation on two different prediction sets and studies of the applicability domain highlight the

robustness and high accuracy of the proposed models. Finally, Melting Point for additional 397 PFCs and Boiling Point for 364 PFCs for which experimental measurements are unknown were
predicted, verifying their applicability domain. The set of descriptors which best describes the structure-property relationship, the similarities, and the differences observed will be discussed

MATERIALS AND METHODS

HMGU, Germany IDEA Consult, Bulgaria Ul, ltaly

Descriptors

Exhaustive isomorphism Pearson Pairwise

SRC Phys-Prop +
E-State indices [] Fragement based DRAGON (0D —2D) @ Literature data
PERFORCE data

LNU, Sweden

Random split |
. (response) |

SOM split

Descriptor Pearson Pairwise g : variable influence on descriptors
Selections Correlation searchictitagmentiagalet Correl;mon &A projection (VIP) 93 Boiling Point BP b ( [ )
structure Genetic Algorithm . .
DesaisaE MP = 37 descriptors at 3 <t M) (ot (41
i fgr MP = 87 indices MP = 3 descriptors MP = 4 descriptors ~ components
Viedbilh BP = 66 indices BP = 8 descriptors BP = 4 descriptors  BP = 149 descriptors at 4 —_— QSAR models
9 components 50%
Associative Neural o . . . Partial least squares —(Prediction Set 02, %oor By R2
Methods Network (ASNN) [3] e L|nearI:;%_rzsi;r;S(I\(IIOLS%)usmg GRS regression (PLSR) Blind External Validation Set
Architecture: 10x3x1 q 15 MP, 25 BP
External Double: Single: Accepted models
validation Prediction sets by splitting and blind External Validation set External Validation Set and > 0.70
Structural Distance to model (DM) Williams plot for response outliers residual standard deviation 1
Applicability O Standardideriation Leverage app?oach (H mpatrix) for structural (R CIRENES) e : g
: of ensemble prediction, . ; leverage (Mahalanobis Final Predictive models
Domain I chemical domain . 9] i
5xcross-validation distance ) - >0.70
[RMSE Comparison
Data Quality Assurance .
RMSE (training set)
EPI ul LNU* HMGU IDEA
cas  Endpoint Da(‘fcf)'ﬁggg';yssl’ “I ul LNU IDEA  Data(’C)used  HMGU Melting Point
reported LNU IDEYA > Predictions Predictions Predictions by HMGU [  Predictions (94) 47.97 4242 3112  36.48 40.67
76-16-4 MP -101.00 -155.01 —-138.33 -154.67 -155.60 -111.66 . .
307-34-6 MP -42.0 -29.65 -54.73 -43.58 -56.80 -57.45 Boiling Point  ,, o0 5139 1412 3189 17.25
354-32-5 MP 146 -8.11 -91.56 -40.85 -146.0 -86 (93)
423-55-2 MP <25 -4.11 -40.99 -27.711 -6.0 -59.17
1493-13-6 MP <25 37.76 -31.38 14.82 -40.0 -12.57 EPI JMSEI.(SEBFOI-TISEI)J IDEA
426-65-3 MP > BP 75.5 53.87 -21.43 -0.003 n/a n/a Melting Point
355-46-4 BP 238.5 227.69 241.87 212.34 225.0 217.02 (15) n/a 27.19 26.54 34 38
375-73-5 BP 211.0 195.62 207.33 182.77 200.0 191.36
Boiling Point
/ .32 21.92 22 2
RESULTS AND DISCUSSION [ (5 M 3092 219 *
[ Q MP\' *LNU model was developed without external validation
. + IDEA model “ ’ il ¢ IDEAmodel y L
a0 4 LNU model o 4 LNU model
ol G e ol o e ot MP Model ul LNU HMGU IDEA
+ Consensus model + Consensus model
” 0l R? Q% o|range Q%r| R? |Q%o0| R? R%xr | R? | Q%0 range Qg
- . SOM split 0.83 | 0.79 | 0.61-0.76 |0.90| 0.85 | 0.80 | 0.75 | 0.86 | -- 0.61-0.76
s ; ol Random split| 0.84 | 0.80 | 0.73-0.76 |0.90| 0.84 | 0.81 075 | 0.84 | -- 0.72-0.76
' : FULL model | 0.80 | 0.78 - 0.89| 0.86 | 0.85 - 0.80 | 0.78 -
‘ | CONCLUSIONS
L R g = Combination of different modeling approach also helps to replenish the inability of one
w0 - ;P mr‘v[wzsu; B w0 om0 w0 @0 4w 20 180 @ MPJExp [HMGQU‘ E] kN 150 200 model with the support of another.
= The results fit our experience that a consensus model, built from independently
developed models using different descriptors and using different algorithms, delivers
ul LNU HMGU IDEA

the best prediction results.

R? |Q? oo|range Q%xr| R® |@% 0| R? R%yr | R? |Q% o0

range Q% = In the special case of PFCs, simple statistical algorithms applied to complex
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0.92-0.95 descriptors perform about as good as complex algorithms applied to simple descriptors.
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Developing both types of models enables a more specialized and also more detailed look
0.93-0.94 on outliers and opens lots of possibilities to analyze them.
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- = Chemical interpretation of and experimental design emerging from the models benefit
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from having a set of models representing different views of the underlying mechanics.

= The data collected from the database has a high number of errors like mixed up
algebraic signs or approximated values, so that data validation and overlap is necessary.
Our approach which deals with the relation between BP and MP gives valuable
information that can be employed and is also robust against erroneous data.
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