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v a n d e r W a a ls in t r o d u c e d h is e q u a t io n o f s t a t e in

1 8 6 7 m o d ify in g t h e id e a l g a s e q u a t io n . H is e q u a -

t io n h a d tw o c o n s t a n t s a a n d b , w h ic h a c c o u n t e d

fo r t h e fa c t t h a t m o le c u le s h a v e a t t r a c t iv e fo r c e s

a n d ¯ n it e s iz e . T h e c o n s t a n t a a c c o u n t e d fo r t h e

a t t r a c t iv e fo r c e s , t h e n a t u r e o f w h ic h w a s n o t

o u t lin e d b y v a n d e r W a a ls . T h is s e r ie s o f a r t ic le s

w ill d is c u s s a b o u t t h e n a t u r e o f in t e r m o le c u la r

fo r c e s .

1 . A t o m ic H y p o t h e s is

If o n e w ere to selec t a sin g le m o st im p o rta n t d isco v ery
o f sc ie n c e, th e a to m ic h y p o th e sis, i.e., th a t a ll th in g s
a re m a d e o f a to m s, w o u ld b e a stro n g c o n ten d er. O f
c o u rse , a to m s w e re p o stu la ted sev era l th o u sa n d y ea rs
a g o in In d ia , a n d G ree k p h ilo so p h e rs h a d d iscu ssed it

a s w e ll. T h e re n o w n e d T a m il p o e t sa g e T h iru v a llu v a r's
T h iru ku ra l (lite ra l tra n sla tio n m e a n in g h o n o ra b le sh o rt
v e rse ) p ro v id e s g u id e lin e s to b e fo llo w ed u n d er a ll p o s-
sib le c ircu m sta n ce s. It is m o re th a n 2 0 0 0 y e a rs o ld a n d
it re m a in s a n d w ill re m a in re lev a n t. It p a ck s so m u ch

in fo rm a tio n in a co u p le t (tw o -lin e p o e m ), th a t a n o th e r
re n o w n e d T a m il p o e t, L a d y A u w a iy a r, c o m p a re d it to
p a ck in g se v e n o c e a n s in to o n e a to m (a n u in T a m il, th e
w o rd p o ssib ly h a v in g its o rig in in S a n sk rit). W h a t is
in te restin g a b o u t A u w a iy a r's c o u p le t o n T h iru k u ra l is
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Figure 1. Structure of H
2
O:

red sphere represents oxy-

genatomandthegrey ones

representhydrogenatoms.

Atoms have

remained a domain

of physics, rather

than chemistry, as

much as one can

draw these artificial

boundaries between

disciplines. Atomic

physics is a

standard sub-

division of physics

and atomic

chemistry does not

exist. Chemistry is a

molecular science.

th a t it ta lk s a b o u t p̀ ie rc in g a n a to m a n d in se rtin g se v e n
o ce a n s in to it'. H o w ev er, it w a s o n ly in th e la st c en tu ry
th a t in d isp u ta b le ex p e rim e n ta l e v id e n c es fo r a to m s w ere

o b ta in e d . T o d a y , a to m s c a n b e v isu a lize d w ith so p h is-
tic a te d m ic ro sco p y te ch n iq u e s th a t a re p u sh in g th e res-
o lu tio n o f m ea su re m e n t to su b n a n o m e ter (A n g stro m )
le v el (1 n m = 1 0 ¡ 9 m = 1 0 ºA ), th e a to m ic d im e n sio n [1 ].
A to m s p h y siso rb e d o n a su rfa c e ca n n o w b e p ick e d a n d

m o v e d a ro u n d !

2 . T w o I m p o r t a n t M o le c u le s : W a t e r a n d D N A

A to m s h a v e rem a in e d a d o m a in o f p h y sic s, ra th er th a n
ch e m istry , a s m u ch a s o n e c a n d ra w th e se a rtī cia l b o u n d -
a ries b etw ee n d isc ip lin e s. A to m ic p h y sics is a sta n d a rd
su b -d iv isio n o f p h y sic s a n d a to m ic ch e m istry d o e s n o t
e x ist. C h e m istry is a m o le c u la r sc ien c e . It is so m u ch

so th a t re ce n tly th e re w a s a su g g e stio n th a t A m eric a n
C h e m ic a l S o cie ty b e re n a m e d S o cie ty fo r M o le cu la r S ci-
e n ce a n d E n g in ee rin g [2 ]. M o lec u les, a s w e a ll a re a w a re,
a re m a d e u p o f a to m s; d i® e re n t a to m s c o m b in e o n ly in
se le c t p ro p o rtio n s a n d m u ch o f it w a s esta b lish e d b y th e

tu rn o f th e 1 9 th c e n tu ry b y J o se p h P ro u st [3 ] a n d J o h n
D a lto n [4 ]. A s w e a ll k n o w , w a ter is a m o le c u le m a d e u p
o f tw o h y d ro g en (H ) a n d o n e o x y g en (O ) a to m s a n d re p -
re sen te d b y th e m o lec u la r fo rm u la H 2 O a n d p ic to ria lly
a s in F igu re 1 .

T h e m o lec u le o f life , D N A , o n th e o th e r h a n d is m a d e u p
o f th o u sa n d s o f a to m s o f H , C , O , N a n d P . It is im p o s-
sib le a n d a lso m e a n in g less to w rite a m o le cu la r fo rm u la
o r stru ctu re m a d e u p o f a to m s fo r D N A a n d b io lo g ists

h a v e b e tte r w a y s o f rep re se n tin g D N A (se e F igu re 2 ).
D N A e x ists a s a d o u b le h elix a n d th e re a d e r is re ferre d
to th e b o o k b y S in d e n fo r d e ta ils [5 ]. T h e re is a m o re
im p o rta n t d i® e ren c e b e tw e en sin g le m o le c u le s o f w a te r
a n d D N A . In w a te r, o x y g e n is c o v a le n tly b o n d e d to th e

tw o h y d ro g e n a to m s a n d th e re a re tw o O -H c o v a len t
b o n d s. A co v a le n t b o n d b e tw e e n tw o a to m s im p lies th a t
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Figure 2. The double helix of DNA is shown

along with details of how the bases, sugars

and phosphates connect to form the struc-

tureof themolecule.DNAisadouble-stranded

molecule twisted into a helix (think of a spiral

staircase). Each spiraling strand, comprised

of asugar-phosphate backbone and attached

bases, is connected to a complementary

strand by non-covalent hydrogen bonding

between paired bases. The bases are ad-

enine (A), thymine (T), cytosine (C) and gua-

nine (G). A and T are connected by two hydro-

gen bonds. G and C are connected by three

hydrogen bonds. Moreover, the bases inter-

act through stacking schematically shown

by the dashed line in color.
(Figure taken with permission from the following
website: http://www.accessexcellence.org/RC/VL/GG/
dna_ molecule.php).

Hydrogen bonding

occurs in water as

well and in fact it

is the hydrogen

bonding that

makes water what

it is, i.e., the

molecule without

which life as we

know would not

exist.

e a ch a to m c o n trib u te s a n e le c tro n a n d th e tw o ele ctro n s
re m a in la rg e ly b e tw e en th e tw o a to m s h o ld in g th em to -
g e th e r. T h o u g h th e tw o e le c tro n s w ith th e sa m e n e g a -

tiv e ch a rg e re p e l ea ch o th er, th e y a c q u ire o p p o site sp in s
a n d sh a re a sp a tia l o rb ita l lo c a te d m o stly in b etw ee n th e
tw o a to m s, h o ld in g th e tw o n u c le i to g e th e r in a b o n d .

3 . I n t e r m o le c u la r I n t e r a c t io n s in W a t e r a n d D N A

In D N A , w e n o t o n ly h a v e n u m e ro u s su ch c o v a le n t b o n d s
b u t a lso h a v e o th e r in te ra c tio n s w h ich a re ca lled h y d ro -
g e n b o n d in g a n d ¼ { ¼ in tera ctio n s o r ¼ sta ck in g (see F ig-
u re 2 ), th e d e ta ils o f w h ich w e w ill a d d re ss in th is se rie s
o f a rtic le s. T h ese h a v e b ee n c a lle d n o n -c o v a len t in te r-
a c tio n s in th e lite ra tu re to d i® e ren tia te th e m fro m th e
c o v a len t in te ra c tio n s m en tio n e d a b o v e [6 ]. T h e D N A is
o n e g ig a n tic m o le cu le (co u ld b e a s lo n g a s 3 c m !) a n d

m o le c u la r b io lo g y is a n e sta b lish e d ¯ e ld n o w . H e n c e th e
h y d ro g e n b o n d in g o cc u rrin g in D N A c a n b e lo o se ly co n -
sid ere d a s in tra -m o lec u la r h y d ro g en b o n d in g . H y d ro g e n
b o n d in g o c cu rs in w a te r a s w e ll a n d in fa c t it is th e
h y d ro g e n b o n d in g th a t m a k es w a te r w h a t it is, i.e ., th e
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Figure 3. Structure of the

isolated water dimer:

(H
2
O)

2
.

(Figure taken from: http://

w w w . l s b u . a c . u k / w a t e r /
hbond.html)

Figure4.Typicallyeach wa-

ter molecule has four hy-

drogen bonds in liquid and

solid phases of water as

shown by the dotted lines

forming an extended net-

work. The oxygen atoms

form a tetrahedron with

one at the center and the

other four at the corners as

shown in the inset. In ice

the hydrogen bonds lead

to a rigid structure. How-

ever, in liquid water these

hydrogen bonds can be

broken and formed easily

and it is important to real-

ize that a static structure

cannot represent the liq-

uid water at all.
(Figure taken from: http://
www.lsbu.ac.uk/water/hbond.
html)

m o le c u le w ith o u t w h ich life a s w e k n o w w o u ld n o t e x ist.
H o w e v e r, in w a ter h y d ro g e n b o n d in g is in te rm o le cu la r,
i.e ., h y d ro g e n b o n d in g lin k s tw o m o le c u le s o f w a te r. In

liq u id a n d so lid p h a ses, ea ch w a te r m o lec u le is ty p ic a lly
h y d ro g e n b o n d e d to fo u r w a ter m o le cu le s fo rm in g a
n e tw o rk . T h e stru c tu re o f w a te r d im e r is sh o w n in F ig-
u re 3 a n d th a t fo u n d ty p ic a lly in liq u id w a ter is sh o w n
in F igu re 4 .

4 . v a n d e r W a a ls E q u a t io n

T h a t in te rm o le c u la r fo rc es ex ist m u st b e o b v io u s, a s

w ith o u t th e m a ll su b sta n ce s w o u ld h a v e re m a in e d g a se s
a t a ll te m p era tu res. In d ee d , w h en c o o le d to lo w e r te m -
p e ra tu re s a ll g a se s w ith o u t e x ce p tio n c o n d e n se to b e -
c o m e liq u id s o r so lid s. H o w e v e r, so m e g a se s b e co m e
liq u id s a t m u ch h ig h er te m p era tu res th a n o th ers. F o r

e x a m p le , w a ter v a p o u r co n d e n se s a t 1 0 0 ±C w h ile h y -
d ro g en su lp h id e (H 2 S ) co n d e n se s a t th e m u ch lo w er te m -
p e ra tu re o f { 6 0 o C . E v id e n tly , th e in term o le cu la r fo rc e s
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in w a te r a re m u ch stro n g er th a n th o se in h y d ro g e n su l-
p h id e. In te rm o le cu la r fo rc es le a d to d e v ia tio n fro m th e
id ea l g a s la w , w h ich w a s p u t fo rw a rd b y C la p ey ro n in

1 8 3 4 [7 ]. T h e id e a l g a s la w a ssu m es th a t m o lec u les a re
p o in t m a sses a n d th ey d o n o t in tera c t w ith ea ch o th er.
It rela te s th e p re ssu re (P ), v o lu m e (V ) a n d te m p e ra tu re
(T ) o f n m o le s o f a g a s th ro u g h th e g a s c o n sta n t R a s
P V = n R T . v a n d e r W a a ls re a liz ed th a t th e ¯ n ite size o f

th e m o lec u les a n d in te rm o lec u la r a ttra c tio n w o u ld c a u se
d e v ia tio n fro m id e a l g a s b e h a v io u r. T h e ¯ n ite siz e o f th e
m o le c u le s red u c e s th e a v a ila b le v o lu m e in a c o n ta in er.
In te rm o le c u la r a ttra ctio n re d u c e s th e p re ssu re e x erte d
b y th e m o le c u le s o n th e w a lls o f a c o n ta in er, a s th ey
a re p u lle d to w a rd s e a ch o th e r b y th is a ttra ctio n . H e n c e,

th e re a l v o lu m e is le ss th a n th a t o f th e c o n ta in e r a n d
th e rea l p re ssu re w o u ld h a v e b e en m o re th a n w h a t is
m ea su re d b u t fo r th e in te rm o le cu la r a ttra c tio n . B a se d
o n th e se e m p irica l re a so n s, v a n d er W a a ls p ro p o se d th e
e q u a tio n n a m e d a fte r h im , in 1 8 6 7 in h is P h D th e sis [8 ].

³
P +

a

n 2 V 2

´
(V ¡ n b ) = n R T :

T h e c o n sta n t a d e p e n d s o n th e in term o le cu la r p o te n tia l
w h ich c o n tro ls th e in term o le cu la r in tera ctio n a n d b is th e
e x c lu d ed v o lu m e fro m th e co n ta in er th a t is n o t a v a ila b le
fo r th e g a s m o le cu le s to o c cu p y d u e to th e ¯ n ite siz e o f

th e m o le c u le .

5 . v a n d e r W a a ls M o le c u le s

T h e te rm v̀ a n d e r W a a ls m o le cu le s' is u sed to d escrib e
th e w ea k ly -b o u n d co m p le x e s th a t a re b o u n d b y v̀ a n d e r
W a a ls' fo rc es. T h is sta te m en t h a s a circu ito u s lo g ic a n d
o n e o f th e m a in re a so n s is th a t v a n d e r W a a ls d id n o t
sp ell o u t th e n a tu re o f th e in te rm o le c u la r fo rc es h e in -

v o k e d to a c co u n t fo r th e d e v ia tio n fro m id ea l g a s la w .
H e n c e , a ll in term o le cu la r fo rc e s ca n b e sa fe ly co n sid ere d
to b e v a n d er W a a ls fo rc es. H o w e v e r, o n e m u st a d d
th a t th e re is n o u n a n im o u s v ie w a b o u t w h a t is m e a n t
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In van der Waals

molecules we neither

have two electrons

from two atoms

forming a bond or an

electron from one

transferred to another.

van der Waals

molecules have a

closed-shell

interaction, as the

electrons from both the

interacting molecules

are largely retained

within themselves and

still they experience an

attractive interaction.

b y v a n d e r W a a ls fo rce s [9 ]. In th is se rie s o f a rtic les,
w e ta k e v a n d er W a a ls fo rc e s to im p ly a ll in te rm o le c -
u la r fo rc es. A m o n g ch em ists, re ce n tly a n o th er te rm is

b e c o m in g p o p u la r a n d th a t is c̀ lo se d -sh ell in te ra c tio n ',
¯ rst p ro p o se d b y B a d er [1 0 ].

A s m e n tio n e d a b o v e , a c o v a len t b o n d is fo rm ed w h e n
a n e lec tro n fro m e a ch a to m is sh a re d to fo rm th e b o n d .

T h e H 2 m o lec u le fo rm ed b y th e tw o H a to m s is a cla ssic
e x a m p le fo r a c o v a le n t b o n d . T h is is ca lle d s̀h a re d -
sh e ll in te ra c tio n '. In a n ìo n ic b o n d ' su ch a s fo u n d in
K C l (in th e g a s p h a se), a n e le c tro n fro m p o ta ssiu m is
tra n sfe rre d to C l a n d so w e h a v e K + a n d C l¡ fo rm in g

K C l m o lec u le. B o th K + a n d C l¡ h a v e c lo se d sh e lls o f
e le ctro n s a n d a n io n ic b o n d w o u ld b e a c lo se d -sh ell in -
te ra c tio n . O f c o u rse , b o th o f th e se a re in tra -m o lec u la r
in te ra c tio n s. Io n ic b o n d in g co u ld b e fo u n d n o t o n ly b e -
tw e e n tw o a to m s, b u t a lso b e tw e e n tw o g ro u p s o f a to m s

su ch a s in a m m o n iu m n itra te N H 4 N O 3 , h a v in g th e p o si-
tiv e a m m o n iu m io n a n d th e n eg a tiv e n itra te io n . In v a n
d e r W a a ls m o lec u les w e n e ith e r h a v e tw o e le ctro n s fro m
tw o a to m s fo rm in g a b o n d o r a n e lec tro n fro m o n e tra n s-
ferre d to a n o th e r. v a n d er W a a ls m o le cu le s a lso h a v e a

c lo sed -sh e ll in te ra c tio n , a s th e e lec tro n s fro m b o th th e
in te ra c tin g m o le c u le s a re la rg ely re ta in e d w ith in th e m -
se lv es a n d still th e y e x p e rie n c e a n a ttra ctiv e in tera ctio n .
T h u s w h e n th e se in tera c tio n s re su lt in co n d en sa tio n o f
a m o lec u le, th e id e n tity o f th e m o le c u le w ith in its liq -
u id a n d so lid p h a ses rem a in s in ta c t. H en ce th e n a m e

c lo sed -sh e ll in te ra c tio n .

6 . N a t u r e o f v a n d e r W a a ls F o r c e s

6 .1 D ip o le -D ip o le I n te ra c tio n

W h a t is th e n a tu re o f v a n d e r W a a ls fo rc e s? A c co rd -

in g to D e b y e [1 1 ], o n ly in th e b eg in n in g o f th e 2 0 th
c en tu ry (se v e ra l d ec a d es a fter th e v a n d er W a a ls e q u a -
tio n ) d id p h y sic ists sta rt w o n d erin g a b o u t th e in te rp re -
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Figure 5. Structure of (LiF)
2

is experimentally observed

to be cyclic as shown in the

right-hand side where the

twodipolesareorientedanti-

parallel. +/– represent a

partial positive/negative

charge.

ta tio n o f v a n d e r W a a ls' u n iv e rsa l m o le cu la r a ttra ctio n .
T h o u g h m o le cu le s d o n o t h a v e a n y n e t p o sitiv e o r n eg -
a tiv e ch a rg e , it w a s re a liz ed th a t th e y c o u ld b e rig id

a ssem b ly o f ch a rg e s w ith n o resu lta n t n et ch a rg e. W e
c o u ld h a v e a p a rtia l + v e ch a rg e in o n e e n d a n d a n e q u iv -
a le n t n e g a tiv e ch a rg e in a n o th e r e n d c rea tin g a d ip o le
m o m en t a s sh o w n fo r th e m o le cu le L iF in F igu re 5 . T h e
lith iu m a to m c a rries a p a rtia l p o sitiv e ch a rg e in th is

m o le c u le (± + ) a n d th e ° u o rin e a to m c a rries a n e q u iv -
a le n t n e g a tiv e ch a rg e (± ¡ ). If a n o th e r L iF m o le c u le
c o m es n e a r, it w o u ld p re fere n tia lly a lig n in su ch a w a y
th a t th e re is a n e t a ttra c tio n a s sh o w n in F igu re 5 . T h e
d ip o le s a re o rien te d a n ti-p a ra llel fo r n e t a ttra ctio n . A t
a h ig h e n o u g h te m p e ra tu re , L iF m o le c u le s c o u ld ro ta te

free ly le a d in g to a ll p o ssib le m u tu a l o rie n ta tio n s a n d
h e n ce n o n e t a ttra ctio n . A t lo w e r tem p era tu res, o rie n ta -
tio n s w ith n eg a tiv e p o te n tia l e n e rg y w o u ld b e p re fe rred .
W H K e e so m in 1 9 1 2 c o n sid e re d th is sce n a rio a n d d e -
riv ed a n e x p re ssio n fo r a ttra ctio n b etw ee n tw o d ip o le s

[1 2 ]. T h is a ttra c tio n is e le c tro sta tic in n a tu re a n d it is
p a rt o f elec tro sta tic in te ra c tio n s { sp e cī c a lly a d ip o le -
d ip o le in te ra c tio n .

6 .2 H ig h e r a n d I n d u c e d M o m e n ts

M o lec u les th a t d o n o t h a v e a n e le c tric d ip o le m o m en t
(su ch a s C H 4 , C 6 H 6 a n d C O 2 ) a lso c o n d e n se a t lo w
te m p era tu res. H e n c e, in te rm o le c u la r fo rc e s m u st ex ist
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Figure 6. Schematic repre-

sentation of a quadrupole

as two pairs of positive and

negative charges sepa-

rated in space.

fo r n o n -p o la r m o le cu le s a s w ell. T h ese m o lec u les c o u ld
h a v e h ig h e r m o m e n ts, i.e ., b o th C 6 H 6 a n d C O 2 h a v e a
q u a d ru p o le m o m e n t w ith tw o p a rtia l p o sitiv e a n d tw o

e q u iv a le n t n e g a tiv e ch a rg es a rra n g e d a ltern a tely , lea d in g
to a n e t re su lta n t ze ro ch a rg e (F igu re 6 ). C H 4 h a s a n
o ctu p o le m o m e n t, n a tu ra lly in v o lv in g eig h t a lte rn a tin g
p o sitiv e a n d n e g a tiv e ch a rg e s. T h e se c a n e a sily b e v isu -
a liz e d a s a tetra h ed ro n h a v in g a ll its fo u r c o rn e rs c a rry -

in g a p a rtia l p o sitiv e ch a rg e a n d a ll th e fo u r fa c e c e n -
tre s ca rry in g a n e q u iv a le n t n eg a tiv e ch a rg e (se e F igu re 4
in set fo r tetra h ed ro n stru c tu re). H o w e v e r, th e in te ra c -
tio n s fro m q u a d ru p o le a n d o c tu p o le m o m en ts, th o u g h
re a l, a re m u ch w ea k e r.

D e b y e re a liz ed th a t th e m o le cu le s a re n o t sta tic a n d th e
ch a rg e d istrib u tio n w ith in th e m o le cu le s co u ld b e d e -
fo rm ed . A n o n -p o la r m o lec u le co u ld b e p o la rize d b y in -
te ra c tio n w ith a ch a rg e o r a d ip o le a n d th is c a n le a d to

a n e t a ttra c tiv e in tera ctio n . If th e p o la riz in g so u rce is a
d ip o le , th is in te ra c tio n w o u ld b e c a lle d a d̀ ip o le-in d u ce d
d ip o le in te ra c tio n '. D e b y e d e riv ed a n e x p ressio n fo r th e
p o ten tia l en e rg y fo r th is d ip o le-in d u c e d d ip o le in te ra c -
tio n in 1 9 2 0 [1 3 ]. A co m p le x fo rm e d b e tw ee n th e in e rt

g a s A r a n d H F , w h ich c o u ld b e w ritten a s A rH F is a
c la ssic e x a m p le fo r th is in te ra c tio n . N a tu ra lly, th e in -
d u c ed m o m e n ts c o u ld a lso b e o f h ig h er o rd er su ch a s
q u a d ru p o le, o c tu p o le , etc .
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6 .3 D is p e r s iv e F o rc e s

E lec tro sta tic in te ra c tio n s b e tw e e n p e rm a n en t a n d in -
d u c ed m u ltip o le m o m e n ts co u ld ex p la in th e in te rm o le -
c u la r fo rc e s to a la rg e ex te n t. H o w e v e r, th e y c o u ld n o t
e x p la in w h y ra re g a s a to m s su ch a s A r a n d H e co n -
d e n se . T h e se h a v e sp h e ric a l ch a rg e d istrib u tio n s. In
1 9 2 3 , L o n d o n ca m e u p w ith a n ex p la n a tio n fo r th e in -

te ra c tio n b etw e en tw o ra re g a s a to m s [1 4 ]. H e re a so n e d
th a t th e se a to m s sh o u ld h a v e a n in sta n ta n e o u s d istrib u -
tio n o f ch a rg e s th a t is n o t sp h eric a l, th o u g h o n a v e ra g e
it w o u ld b e sp h eric a l. T h u s a n in sta n ta n eo u s d ip o le m o -
m en t in a n A rg o n a to m ca n in tera ct w ith th a t o f a n e ig h -

b o u rin g A r a to m . T h ese in sta n ta n e o u s d ip o le m o m e n ts
n e ed to b e c o rre la te d fo r a n e t a ttra ctiv e in tera ctio n .
T h e fo rc es th a t a rise fro m th e co rrela tio n o f in sta n ta -
n e o u s d ip o les a re c a lle d L̀ o n d o n d isp e rsiv e fo rc es'.

If a n a to m c a n h a v e a n in sta n ta n e o u s d ip o le m o m e n t,
th e re is n o re a so n w h y a m o le cu le c a n n o t. C lea rly , a ll
m o le c u le s c a n h a v e a ttra ctio n fro m e lec tro sta tic (in te r-
a c tio n b e tw e e n p e rm a n en t m u ltip o le m o m en ts), in d u c -

tiv e (in te ra c tio n b e tw e e n p e rm a n e n t a n d in d u c e d m u l-
tip o le m o m en ts) a n d d isp e rsiv e (in te ra c tio n b e tw e e n in -
sta n ta n eo u s m u ltip o le m o m e n ts) fo rc es. W h ile th e se
fo rc e s c a n b e a ttra c tiv e o r re p u lsiv e d e p e n d in g o n th e
o rien ta tio n (see F igu re 5 ), a s th e m o le c u le s a p p ro a ch
e a ch o th er, stro n g re p u lsiv e fo rc e s b e tw ee n th e m sta rt

d o m in a tin g d u e to th e o v e rla p o f th e ele ctro n c lo u d
a ro u n d th e m . T h is e x p la in s w h y th e m o le c u le s d o n o t
c o a le sce in to e a ch o th e r b u t reta in th eir id en tity b y k e e p -
in g a d ista n c e b etw e en th em e v en w h e n th e y a re co n -
d e n se d in to liq u id s o r so lid s. T h e o p tim u m d ista n ce

b e tw ee n th e m is w h ere th e n e t b in d in g en erg y is th e
h ig h e st fo r a g iv en m o le c u le .

6 .4 H y d ro g e n B o n d in g

T h o u g h v a n d e r W a a ls fo rc e s o p e ra te in b o th c o n d e n se d

In 1923, London came

up with an explanation

for the interaction

between two rare gas

atoms. He reasoned

that these atoms

should have an

instantaneous

distribution of charges

that is not spherical,

though on average it

would be spherical.
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What is the nature of

the intermolecular

forces in water, i.e.,

what is hydrogen

bonding? A look at

the structure of (H
2
O)

2

and comparison with

that of (LiF)
2

gives an

important clue! It is

not simple

electrostatic

interaction. If it were,

the water dimer would

have had a structure

in which the dipole

moments of the two

H
2
O molecules are

anti-parallel.

a n d g a s p h a se s, v a n d e r W a a ls m o le c u le s ty p ic a lly re -
fer to th e w ea k ly -b o u n d co m p le x es fo rm e d a t v e ry lo w
te m p era tu res in a su p e rso n ic ex p a n sio n . T h e b in d in g

e n erg y is ty p ic a lly v e ry lo w ra n g in g fro m a s lo w a s 1 k J
m o l¡ 1 to a b o u t 4 2 k J m o l¡ 1 , th o u g h th ere is n o h a rd a n d
fa st ru le a b o u t th e se lim its. C lea rly th e v a n d e r W a a ls
m o le c u le s a re b o u n d b e ca u se o f e le c tro sta tic , in d u ctiv e
o r d isp e rsiv e fo rc e s a n d m o re o fte n d u e to a co m b in a tio n

o f a ll th e se fo rc e s.

W h a t is th e n a tu re o f th e in te rm o lec u la r fo rc e s in w a ter,
i.e ., w h a t is h y d ro g en b o n d in g ? A lo o k a t th e stru ctu re
o f (H 2 O )2 a n d c o m p a riso n w ith th a t o f (L iF )2 g iv e s a n

im p o rta n t c lu e! It is n o t sim p le elec tro sta tic in tera ctio n .
If it w e re, th e w a te r d im er w o u ld h a v e h a d a stru c tu re in
w h ich th e d ip o le m o m en ts o f th e tw o H 2 O m o le c u le s a re
a n ti-p a ra llel. In w a ter d im er w e h a v e o n e H a to m fro m
th e ¯ rst w a te r m o le cu le , w h ich h a s a n e t p a rtia l p o sitiv e

ch a rg e p o in tin g to w a rd s th e e lec tro n rich re g io n in th e
o th e r w a ter m o lec u le, i.e., to w a rd s th e lo n e p a ir o f e le c -
tro n s in th e o x y g e n a to m . O n e c o u ld co m p a re (L iF )2

w ith (H F )2 ; o b se rv a tio n s a re sim ila r. T h e H F d im e r h a s
F -H ...F lin ea r a n d th e L iF d im e r is c y clic . C lea rly th e

d ip o le -d ip o le in tera ctio n d o m in a te s th e la tte r a n d so m e -
th in g m o re is in v o lv e d in th e fo rm e r, i.e., h y d ro g e n b o n d -
in g . B u ck h in g h a m h a d sh o w n so m e tim e a g o th a t th e
in clu sio n o f m u ltip o le m o m en ts o f H 2 O a n d H F in th e
in te rm o le c u la r in tera ctio n w o u ld le a d to th e e x p e rim e n -
ta lly o b se rv e d lin e a r stru c tu re s fo r th e re sp ec tiv e d im e rs

[1 5 ]. H o w ev e r, th e re h a v e b e e n se v e ra l cru c ia l ex p eri-
m en ta l e v id e n ce s in th e la st d ec a d e w h ich p o in t to th e
p a rtly co v a le n t n a tu re o f h y d ro g e n b o n d in g , th o u g h it
w o u ld c o n trib u te o n ly to a sm a ll e x te n t (a b o u t 5 { 1 0 % )
in th e to ta l in te ra c tio n [1 6 ]. T h u s h y d ro g e n b o n d in g in -

v o lv es a ll th e in te rm o le c u la r fo rc es d isc u ssed a b o v e a n d
in a d d itio n th e ch e m ic a l fo rc es in th e fo rm o f a p a rtia l
c o v a len t b o n d .
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7 . C o n c lu s io n

C lea rly h y d ro g en b o n d in g co u ld b e c o n sid e red a s p a rt
o f th e v a n d er W a a ls fo rc es, th o u g h it is n o t a w id e ly a c -
c ep te d v iew a m o n g ch em ists. In th e su b seq u e n t a rtic le s
in th is serie s, w e p la n to p re sen t so m e e x a m p le s o f v a n
d e r W a a ls m o lec u les. O n e e x a m p le e a ch fo r sy stem s w ith
p re d o m in a n tly d ip o le-d ip o le, d ip o le -in d u c ed d ip o le , d is-

p e rsio n a n d h y d ro g en b o n d in g in te ra ctio n s w ill b e d is-
c u sse d in d e ta il. F o r c o m p le te n ess, it is a lso p la n n ed to
in clu d e o n e ex a m p le e a ch fo r c o v a le n t a n d io n ic b o n d -
in g w ith in a m o le c u le . T h ese a rtic les w ill a p p e a r in th e
fo rth c o m in g issu e s.


