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I'his ~onlad mlnlTn;, is kx;~lcu cI",c to lhc ,arne separation dist.1nce of 5.5 A 

prcscnlculll previou, rrsulls with similarly sh"llow w~11 depth, Ll- I. _ Thi~ dist~ncc 

se~ms indicativ~ of aT-shaped configuratioo as the minimum cncrgy conJiguratlon. 

since a st~ck ed ~Ol1figur~tioo would allow a doser approach "rlhe molecules_ 

H r--------;;,:=:::;;7Cc:-;""""= " B",,/~ ,, ~ D,," ~, , ~ r lP3P 
Benzene DrrT" " ,n TIP4P 

'" , 
"' , 

~ 
• " c • 
0 " , 

C 

- 0,2 

/ - 00 ~ - 0 ii , , , , W 

, i A. 

Figurt' 5-3: The distance potential "fmt'an force for twll henzene dimen in 

TlP3P ('-ed) and TJP4P (green) "ater. 

The next pan oflhe investigation wa, to determine whether the I~rgest contribution to 

the minim~ of the PMF w~, enthalpic or entropic_ Since the ,lacked eontiguratioll is 

the entropic~lIy favoured position. the ~xp~ctation is that (hc enthalpic contribution 

,h"uhl he the gre~!e,t thr the nnnimum positlon that w~ ~re in the PMF, 
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o , 

" 
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" " - 0. 2 , 
3' • 
0 - 0.4 , 

-0.6 

-0 " 

-, , 
" 

benzene _ W~'c r 
Sen'e"e - L>enlene 

IV 

I<'igu r~ 5-5: V llClIum free energies between bCI1~cnc - bcn~"lIe (hluc) and hcnzcoc 

- water (red) 

A further consideration is the wmer - water assoeiation. which is abo in competition 

wilh !J<,n:rene - waler. The as'''~l alion >trl:'ngth !J,;,twe"n two TlP4P walers was 

caJcublcd ill Chtlptcr 4 to be -3.0 kcal/mo L This is clearly lllllCh grealer than either of 

the other interactions and i, likely the Catl>e for dle benzene - benzene a,sociarion in 

aqueous soilltieln. 

5.4.2 40 PMF 

Tbe full limr dimcnwmal irl:'e ",,",crgy ",lrla~es were ~likubled filr [h" t.;,nzent" dimer 

in TlP4P water lind in Va~uwn_ In Figmc 5-7 the most illllminaling sh~cs are showll . 

From this figure we can sec that the minimum energy occurs at the following angles: 

8, ,e, = 60, I 20 and ql = 0,180. Tbe subfigurl:" arl:' calculated by taking a Roltzmann 

average over the angle coordinate not sbown in each ca>e and over tbl:' distance 

coordinatc betwccn sA and 6 A. Figurc 5-7a and Figure S-7c wcrl:' extractctl using tbe 

following equation: 
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The minimum free cner!;y mic'ntahon corres.ponds well to lh~ minimum en~rb'y 

ori~lltmHlIl computed from high k vd quannlln me<:hal11c> cakulaliolls hy P(><ks/."a 

el a/. I.'. It is. as lh~y show~d. nei1h~r 1he dirC ~ll y slachd 11(" T (\rlentatlon that were 

typica ll y thou!;h110 h~ the [)1ininlUlll ~ner!;y hut ratht;r n~ sh ined-stacked 

mlliiguratioll. 

a). 60 1 bl '", 
; 40 . '" 
1 zo ; '" 
"0 ·00 

0 '" " 
eo 

00 

" " , , 
" " " " ", p, ,<0 '"0 " <0 " " "0 1201-\0 ,,,, 

8, u, 
01 dl 

250 '" 
"'0 
'" 

~ '''' ~ '''' 

" , 
" 

;0 

, 
-50 

;C " "' " '''' '" ;C " "' " '00 120140160 
8, 0, 

Figure 5-7: Selectcd ,lice, of the 41) PMI' for the ben,.enc dimt'r inTI Nt> w9ter 

(a & c) 9nd in ,acuur/l (b & d). The ,lice_ lire tllken by t9king 9 Boltzr/lllnn 

IIwrage hetwt'en 5 and 6 A and over Ihe angul3r coordinate uol shown in each 

casc. The contour energies 9rt';n kC9IJmoi with the minima being set 10 It 

kcalJnlOl. 
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5.5 Conclusion 

w~ <:alculat~d th~ fr~~ ~nr,rgy surf:'ces for the betlZene - betlZelle interactioll ill 

aqu~t>us w lution and in va~uum . In st>l ution. there was a clea r difference in the 

~ ssocimioll of bel1Zcne in TI P3 P and T1P4P. II is interesting to notc that ~llhough the 

force licld was paramckri~ed to the 11P3P model. it d](1 ootgl V~ the corr~ct contHc\ 

as>ociation. whik nNP did. 

The interaction energies in vacuum compared well with prnwus r~sult>. Further 

calculat ions of re1~ti\'e entropic and ellthalpic constribl.llions to the free energy 

rev~alcd thaI lh~ minimum positioJ]\ were enthalpic and not entropic. This lS contrary 

to "hal was expected ~ince the hydrophobic assoc iation i~ thought to be the primary 

drivillg force of non-polar molecules. The results could be an indic~tion thm either the 

molecular vohlmc tkcrea<;e linked with hydrophobic association IS ttlO ~mall for the 

hell/.enc dimer for il 10 he a driving forc~. Thi~ is stHndhing that could he invcstigated 

In fUlUr~ studies. 

TIl<; calculated anisotropic free el1~rgy ~llrf~ce from the mokcul'lf "yn~miC"S 

<; mll1la tion waS able to dearly "how the mimmmn free encr~'Y conlig"rali()nl;}rtilc 

benzene dimcr. This rcsu ll compar('d wdl lo previous high level quantnm calCllI~tions 

and reiterated (alollg with Chapter 4) the S{"]lSili~ily ol" lhc melhod. Further studle,; 

u,ing the I- FA l~ (" F mrthod could I.,., don~ wi th b<::nl~ne and Tll{)re comp Ie;.. aromatic 

molecules. possihly being tr~alcd 'l"antnm mcdmni(."ally lhrough semi-cmplrical 

mdhods. Th,;sc resu lts could tx· u~cd 10 provide greatcr insight i nlO the intcr~ctiollS of 

aromatic molecules ill liquid n ysta ls or hiomolecules such as proteins. 
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water U ... 'U. ... 1. it was pa]:arrlet(~n:i~ed cannot ........ ·n,rhu'''' 

vectors to use. 

can to ____ ._,., .. __ _ 




