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Bonds

Union of the atoms of two or more elements by mutual attraction is called chemical
bonds.
A bond is an electrical force linking atoms.
The bonds are classified into two types. They are primary bonds and secondary bonds.
Primary bonds are strong bonds. They hold the atoms together in molecules.
The secondary bonds are weak bonds. The secondary bonds form between biological
molecules.
Primary Bonds
Primary bonds are strong bonds. The formation of breaking of primary bonds need more
energy. They bind one atom with another.
The primary bonds are of three types, namely
1. Ionic bonds
2. Covalent bonds
3. Metallic bonds
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Secondary bonds

not secondary with regard to their function.
% They are formed between molecules or within amolecule.

L“’ * Secondary bonds are weak bonds. They are weaker than primary bonds. However the,
u
|

% They are very important in joining the biochemical compounds. =iy
% The three dimensional structure of proteins and nucleic acids involve severy)

secondary bonds.

% Generally, weak bonds do not bind one atom with another atom.

% But they serve as links between molecules or within a molecule.

% The secondary bonds are easily formed and easily broken.

% They need only very little energy for formation or breaking.

% The important secondary bonds are hydrogen bonds and Van der Waal’s bonds.

ionic bonds.

1. lonic Bonds or
Electrovalent Bonds

Sodium atom Chlorine atom
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Sodium Chloride “®® ~
Fig.4.3: Electrovalent bond in sodium chloride.
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The bond formed by the trans!er of electro;g from one atom to another, is called
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The term ‘electrovalent bond” was proposed by Kossel in 1961, Electrovalent bond links
two or more atoms ina molecule or compound. Here the bond is formed by ionization. Hence
the bond is called ionic bond and the compound is called ionic compound or electrovalent
compound or polar ¢

Sodium chloride is an ionic compound. Sodium atom (2,8, 1) has one electron in the

. outermost orbit. Chlorine atom(2,8,7) has 7 electrons in the outermost orbit.

The sodium atom transfers one electron to the chlorine atom.

Since sodium loses a negatively charged electron, it becomes positively charged or
electropositive.

As chlox.ine gains a negatively charged electron, it becomes negatively charged or
electronegative.

The Na' ion and Cl'ion are held together in NaCl by the electrostatic force of attraction.

The valancy of an element is the number of electrons an atom gains or loses in order
to become stable. So the valency of Na is | and that of Chlorine is also 1.
Tonic bonds are formed in erystailine inorganic salts.
; |2. Covalent Bonds
In covalent bonds the atoms are linked together by the sharing of electrons between
the atoms. % Y the SHoToBYLIestiors,

The term ‘covalent bond® was proposed by Lewis in 1966. This bond is very common in
organic compounds. Here ionization does not occur. The atoms also neither lose nor gain
electrons. These compounds are called molecular compounds.

The covalent bonds are also called homopolar bonds. They are strong bonds compared
to ionic bonds. Covalent bonds are endergonic, i.., their formation needs energy.

95% of the chemicals in the cells are bounded covalently.

Both formation and breakdown of covalent bonds occur by enzyme action in cells.

Covalent bonds are the properties of non-metals,

1. Methane (CH,)

Carbon combines with 4 hydrogen atoms to form methane. The carbon atom has 4 electrons

in ﬂle outer shell. It requires 4 electrons to complete its outer shell. Itcompletes its outer shell by

electrons mth4hydrogen atoms. <
/s
@~ @
Hydrogen

Methane (CH,) /
Fig.4.4: Covalent bond in methane.
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a chloride (CCI
2 camn?:;bmes with foflr ato‘x:as of chlorine to form carbon tetra chloride. Here ajg, the
bond is formed by the sharing of electrons. /, .
3. Carbon dioxide (CO,) ’
Carbon dioxide is formed by the combination of carbon with 2 oxygen atoms. The cg tbog
atom requires 4 electrons to complete the outer shell and an oxygen atom requires 2 electrop @

cal,

C NGl

Fig.4.5: Covalent bond in carbon tetrachloride.
complete the outer shell. Both requirements are satisfied by carbon sharing of two pairs of el
with each of 2 oxygen atoms. Bonds involving two pairs of electrons are known as doubl

bonds. = .. .

Carbon di-oxide (CO,)
Fig.4.6: Covalent bond in CO,.

4. Ammonia (NH,)
Ammonia is formed by the combination of one nitrogen atom with three hydrogena

Fig.4.7: Covalent bond in ammonia.
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Bond leng
engths* of some common covalent bonds

—

Bond
Bond length (in A) Typical compound

C—

1.54 Ethane, Propane

1.48 Butadiene
c=C 1.38 Butadiyne

1.34, Ethylene

1.28 Butatriene
S 1.20 ; Acetylene
C=H 111 Methane

1.10 Benzene

1.08 Acetylene
<59 1.41 Ethanol

1.34 Formic acid
£=0 1.20 Formaldehyde

1.16 Carbon dioxide
S 1.47 Methylamine

1.36 Formamide
Cc—Cl 1.78 Methyl chloride
e 1.94 Methyl bromide
2 il 2.14 Methyl iodide
g 0.96 Methanol

N 1.01 Methyl amine

.
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atoms, respectively. In vitamin B, also, a Co atom is linked to nitrogen atoms through

{0 nitrogen s :
bonds. The compound containing coordinate covalent bonds are called coordinate

coordinate

mmplc\rs‘
Nollf‘“"“"““t Bonds or Interactions ~

lﬁﬁdi(ion to covalent bonding, there are weaker forees of interaction that profoundly influence
L‘,nfm-mmion of trinmulccu»lcs fmd their functionl. These noncovalent forces, as they are called, play
Key roles in the fﬂlllff_ul N[’llc:lllun of DNA, the folding of proteins into intricate 3-dimensional forms,

 recognition of substrates by enzymes, and the detection of signal molecules, Indeed, all

the specifl
biolngical structures and processes depend on the interplay of noncovalent interactions as well as

covalent ones.
With respect to bonding, weak and strong are used to indicate the amount of encrgy in a bond.
strong bonds mﬁh as covalent bonds found in biomolecules require an average of 100 kilocalories/
mole orkeal mol , to be cleaved and hence are stable and seldom break under physiological conditions.
In contrast, weak bonds, such‘ as hydrogen bonds, have energies of 2 to 7 keal mol ! and are easily
@ Ne_ﬁ, Weak bonds are transient; individually they form and break in small fractions of a second.
The transient nzfn.lrc of n(?ncnyalent interactions confers flexibility on macromolecules, such as proteins
and nucleic acids, that is critical to their function. Furthermore, the large number of noncovalent
interactions in a single macromolecule makes it unlikely that at any given moment, all the interactions
will be broken; thus macromolecular structures are stable over time: The four fundamental noncovalent
bonds are : electrostatic (or ionic) bonds, hydrogen bonds, hydrophobic bonds and van der Waals
forces or bonds. They differ in geometry, strength and specificity and are profoundly affected by the
presence of water. |
A. Electrostatic or ionic bonds  _—

Tonic bonds are formed due to the attraction between atoms or groups, of opposite charges
(+and-). A charged group on a substrate can attract an oppositely-charged group on an enzyme. The
force (F) of such an eleclroswﬁc attraction is given by Coulomb’s law :

4 92

D
charges of the two atoms or groups,

r = distance between the two atoms or groups, and
D = dielectric constant of the medium.
The attraction is strongest in a vaccum where D is 1 and is weakest in a medium such as water where
Dis 80, The distance between oppositely-charged atoms in an optimal electrostatic attraction is about
2.8 A. The average bond energy of ionic bonds in aqueous solution is about 5 kcal mol™". This kind
of attraction is also called saline bond, salt linkage, salt bridge or ion pair.
ﬁonic bonding occurs in crystals and salts that are jonized when dissolved in water. For example,

NaClisa salt composed of Na® (cation) and CI (anion). Common examples of the salts of biomolecules

are sodium acetate, potassium pyruvate and ethanolamine chloride (Fig. 4-7). This type of interaction
fferent molecules in heteroproteins (for example, in

even permits the bonding between two di
"“chopmtgins. between the negatively-charged nucleic acid and the positively-charged basic proteins,

esp., the histones).

=

where, ¢, and ¢,

' : i) i) NHiCI
HC—C—O Na' HC—C—C—0K H,C — CH,0H
Potassium pyruvate Ethanolamine chloride

‘So'diumaceme

Fig. 4-7. Some salts of biomolecules
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r""——' Hydrogen Bonds
@ The weak bond formed between an electronegative atom in one molecule and the

. BONDS
cpop-4
= Hydrogen Bonds
The term hycic E""' bond was suggested by Latimer and Rodenbash. |
The attractive jorce which binds the hydrogen atom of one molecule with the |

spative atom of another molecule
plroNege ecule is called hydroge,
ok It is a secondary bond ydrogen bond. ‘
ore sitively charged hy .
Here the pos! X -VI e ged hydrogen atom approaches an atom with negative charge
The hydrogen bonc is also called proton bond i

H
H H H

H=0==-H—0 CH—0- - 4 —(|)-n‘c‘

b Fig4.5: Hydrogen Fig.4.9: Hydrogen
ond between water  bond between ethyl alcohols
molecules. :

Hydrogen bonding does not ipvolvc.tmnsfcr orsharing c;f electrons.
Whena hydrogcn atom carrying positive charge, approaches an atom with negative charge
anassociation is formed. This bonding is the hydrogen bond.
Highlights

electropositive hydrogen atom in another molecule due to the electrostatic force, is called
hydrogen bond. The term hydrogen bond was introduced by Latimur and Rodenbash. It is

also known as proton bond.
mg{drogcn bond is formed between charged atoms. These are covalently bound to any

. Itis usually formed between negatively charged oxygen atoms bound to one molecule
andpositively charged hydrogen atoms(Tt does not bring about electron transfer or electron

M&%ﬁ?ﬂ‘ﬁ. ydrogen bond is abbreviated as H-bond. In the molecular structures,
hydrogen bonds are sHown with dasll_ed’lileg
The length of hydrogen Bonds is slightly less than 3A°. The bond energy varies from 2t0 6

Keal/mole. Tt is much lower than the lowest bond- energy 36 Kcal for O-O covalent bond.
ﬁ‘he following are some examples of hydrogen bonds seen in biological molecules. Hydrogen
bonds are indicated by dashed lines.
Ot H=————=0
y N
C—H
H-C o
g Sy R o
Fig.4.10: Dimer of formic acid.
G The macromolecular structure of proteins and nucleic acids are stabilized by hydrogen
bonds between amino and keto groups. Hydrogen bonding OCC“'S}SB{S@ME“”_‘Y‘, BIoups
and
mﬂand.ca:hoxylgmulp)
0

fommedby primary chemical bonds

.
3 Hydrogen bonds serve as Sterm ecular binding forces for the association of molecules
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Fig.4.11: Hydrogen bond between keto and imino 8roups of peptiges

¢ They influence the structure and shape of the macromolecules,
[+ Hydrogen bonds are predominant in living s

ystem. About 70-90% of cytoplasp..
of water where the molecules are linked by means 3 .

of hydrogen bonds,

C
H I a2\
Fig.4.12: Hydrogen bond between hydroxyl groups of peptides.

The mass structure and el i i "
\ St ectronic configuration of molecules depend upon the numberd
hydfogen bonds inthe molecules. Since molecules are held together by hydrogen bonds, ¢
molecular weigh inereases simultaneously. ) \

2\

Fi 5
, 1824.14: Hydrogen bond between amino group and carboxyl Lroup,
E In water, H,0

has

molecules are held to, bt
gether by hydrogen bonding. oxfnolecy],
€ 0Xygen atom and tyq hydrogen atoms. The oxygen atom forms hydrogen bond:

o

- 2\ O

)

g
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m hydrogen atoms of different water molecules. But each hydrogen atom forms a
hydrogen bond with an oxygen atom of another water molecule, | !
Thus, one water molecule is surrounded by 4 water molecules due to hydrogen bonding.
The gen bonds determine the fluidity of water.

¢ In ice crystal, the H,O molecules exist in regular tetrahedrons. All the H,0
molecules are interconnected by hydrogen bonds. Nearly 15% of hydrogen bonds are
proken to release the bound water molecules when the ice crystal is melting.
“~Therefore, water has 15% less hydrogen bonds than in ice crystal. Bond energy of
gen bonds in water is measured to be 5 kcal/mole. It implies that the breaking of hydrogen

m determines the fluidity of water.

K :
\ 1/” /

0
i

/

%
f
0
\H'

§
H
Lo

Fig.4.15: Hydmgen bonds in water.
@It is observed that about 33% of hydrogen bonds are broken when water is boiling at
100°C. Itreveals the fact that thermal energy is sufficient enough to break hydrogen bonds in
:::?t isbelieved that kinetic energy of thermal motion breaks the hydrogen bonds in the

Experiments have confirmed that the melting point of compounds corresponds to the
relativé number of hydrogen bonds in them. The melting point increases with the increase in the
number of hydrogen bonds in the molecule. As water has the highest proportion of hydrogen

bond, ithasthehighestmeling poi
Table 4.1: Melting points of some chemical compounds.

Compound Melting Point (°C) |

H,0 0

HS -83

H,Se -64

HTe =51

l'-ng -19

-84

HBr -67
= — -




o "-"E‘L‘Zﬂ‘(*h?gr nonpolar interactions—

The e§sentiality of hydrophilic (water-loving) properties of biomolecules is obvious. That
hydn OP_hOblC (water-fearing) characteristics can be valuable may not be as readily apparent . As in the
formation of micelles, hydrophobic groups of macromolecules, if in proper spatial relation, will interact
(not bond) to the exclusion of solvent molecules (water) and thereby reside in a hydrophobic
environment. On the contrary, hydrophilic groups usually remain exposed to the aqueous environment
where they interact with water molecules. Hydrophobic interactions are a major driving force in the
folding of macromolecules, the binding of substrates to enzymes and the formation of membranes
that define the boundaries of cells and their internal compartments.

In macromolecules such as proteins, the acceptance or rejection by the aqueous environment of
the hydrophilic and hydrophobic moieties respectively exerts a dominant influence on their final

conformation. Here the nonpolar side chains of neutral amino acids tend to be closely associated with
one another. The relationship is nonstoichiometric; hence no true bond may be said to exist.. This
clustering together of nonpolar molecules or groups in water is called hydrophobic interaction:The
familiar sight of dispersed oil droplets coming together in water to form a single large oil drop is an
analogous process. /

( To understand the basis of hydrophilic attractions, let us take an example wherein a single nonpolar
mol;,cule, such as hexane, is introduced into some water (Fig. 4-11). A cavity in the water is created,
which temporarily ‘disrupts some hydrogen bonds b.etween water m(?lecules. The dispersed water
molecules then reorient themselves to form a maximum number of hydrogen bondﬁ The water
molecules around the hexane molecule are much more ordered than elsev\./h‘e?e. in the so.luuon. Now
consider the arrangement of two hexane molecules in water. The two possibilities are : either they sit

in two small cavities (Fig. 4-11A) orina single larger one (Fig. 4-11B). The experimental fact is that

S i
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the two hexane molecules

: iati leases

avity. This association release

come together and occupy a single large cavity.
Some of the more ordere

n fact, the basis of 3
d water molecules around the separated he;(an@ Ipolarsolule ey
hydrophilic attraction is this enhanced freedom of released water molecules .

] ; ach other but
. . ; . h affinity for e

are driven together in water not primarily because they have a hig

because water bonds strongly to itself.

Two hexane molecules
Hc)fane molecule in a single cavity

In a cavit
Water %

i 11. Schematic of two molecules of hexane in a small volume of water
Fig. 4- -e molecules occupy different cavities in the water structure (A), or
& hexa:y the same cavity, which is energetically more favoured (B),
[hcy occu

D. van der Wazlals i(rinle;‘:::'g:; with in detail in Chapter 2 (Water : The Solvent of Life) on pages
These have already
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E. Van der Waals Interactions 1s) are weak, nonspecific, interatomic
n der \V'-'"‘a:c {104 A apart. Though weaker ang
amm\.\VnuI; {nteractions are no less important

distribution of electronic charge

van der Waals ifiteractions (named after J. D. var
altractions and come into play when any_(wo uncharged
less specific than electrostatic and hydrogen bonds, van der
in biological systems. The basis of a van der Waals bond is that the
around an atom changes with time.

> Attraction

Repulsion

Balance

Fig. 2-13. Schematic of van der Waals forces of it Ision and bal kg

two atoms
All types of molecules exhibit van der Waals forces which arise from the attraction of the bound
electrons of one atom for the nucleus of anotheryWhen two atoms are far apart, there is a very weak

attraction which becomes‘stronger as the atoms move closer toge i :
atoms move close enough for their outer electron shells to overl::, :::::; :l:l:mz 0:.3\).1 l:‘i?ver' if d;
a certain distance, defined as the van der Waals contact radius, there is 3 s o n l:cufrs .
of attraction and those of repulsion. Each type of atom has a specific van " waa]Ween e fore
(Table 2-7). At this point of balance, the two atoms are sep e s contact radius
distance (Fig. 2-14). The contact distance between an oxygen and carbon atommf'm- :: ::;,al? .co;u:cs:
hy Lis3.47

which is obtained by adding 1.4 and 2.0 A, the contact radii of the © and ¢ s l
, respectively.
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Table 2-7. v er Waals
2-7.  van der Waals contact radii of atoms and group
Atom/Group Rod
adius (in A)
H |
8] 1
4
N 1.5
S
1.85
P 19
»( 0
CH, 2.0
=
o
Z
—g- van der Waals
2 contact distance
& /nismnce
A |
1
g | /_
E=} )
8 |
£ i
<

Fig. 2-14. Energy of a van der Waals interaction as a function of the distance between two atoms

The van der Waals bonding energy between two average atoms is very small, i.e., about 1 kcal/
mol, which is only slightly greater than the average thermal energy (0.6 kcal/mol) of molecules at
room temperature. It is considerably weaker than a hydrogen or electrostatic bond, which is in the
range of 3 to 7 kcal/mol. The Energy of a most favourable or the van der waals contact distance. The
energy rises rapidly owing to electron-electron repulsion as the atoms move closer
together than this distance.

Table 2-8. Strengths of bonds common in biomolecules

Type of bond d dissociat _ Dypeo, 3 Bond dissociation
i P i ey Y
Single bonds Double bonds
O0—H 461 Cc=0 712
H—H 435 C=N 615
P—0 419 c=C 611
C-H 414 P=0 502
N—H 389 Triple bonds .
C-0 352 N=N 930
c—C 348 C=C 816
S—H 339 Noncovalent bonds or interactions
C—N 293 Hydrogen bonds
Cc—S 260 van der Waals forces
N—O 222 Hydrophobic bonds 4-20
S 214 Tonic interactions
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NDAMEN TA
g em as a force rather th,
jstomary to call them as a i fhdn
1d have low melting points,
These forces yp,

Sing, » efk oft a
ICe v; ‘aals i i s
! n der Waals Interactions are very wegk, it is cu ry ftar
abong, he crysg ] SSCSS .)- Ices ) e .
Inf, e, ystalline COmpounds possessing these forces are

/e orces.
more sy mmetric, are the van der ‘hlul.‘ﬁ
), ey 9 . . e greater are the va
8reater for cal the molecule, the greater a

Compounds than for atoms and moleculles of elements.

ROLE OF NONCOVALENT INTERACTIONS :

The noncovalent Interactions described above (hydrogen bonds and ionic mlcrelclloyn\' Among
charged Sroups and hydrophobic interactions and van der Waals interactions among n““["‘]‘" &roups)
are much weaker than covalent bonds (Table 2-8). The input of about 350 kJ of energy l“ required o
break a mole (6 x 10%) of C—c single bonds, and of about 410 kJ to break a mole of C-—H bonds,
but only 4-8 kJ is sufficient 1o disrupt a ||1(;|c of typical van der Waals interactions (Table 2-9),

. : P § 0 ent
m Some weak interactions among biomolecules in aqueous solve

Stabilization
Weak interaction energy
(kJ/mol)
Hydrogen bonds N
Between neutral groups /C =0mH—O0— 8-21
Between peptide bonds >(‘=0-1-H—N< 8-21
Ionic interactions o
Attraction —NH; 50— C— 42
Repulsion —ENH,; ¢— HN*— =-2]
Hydrophobic interactions CH; CH; CH; CH, 4-8
N4 N
CH CH
(|IHz CH,
van der Waals interactions Any two atoms in 4
close proximity

Hydrophobic interactions are similarly weak, and ionic interactions and hydrogen bonds are only a
little stronger; a typical hydrogen bond can be broken by the input of about 20 ki/mol. In aqueous
solvent at 25°C, the available thermal energy is of the same order as the strength of these weak
interactions. Consequently, hydrogen bonds and ionic, hydrophobic and van der Waals interactions
are continuously formed and broken.

Although these 4 types of interactions are individually weak relative to covalent bonds, the
cumulative effect of many sucl.1 interactions in a pr'otein or nucleic acid can be very significant. For
example, the noncovalent binding of an enzyme to its Subsh’flle may involve several hydrogen bonds
and one or more ionic interactions, as well as hydrophobic and van der Waals interactions. The
formation of each of these weak !Tonds t::i;:iu;bu;les to a net decrease is free energy; this binding free
energy is released as bond formation s s the system.



