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Ideal Chain Conformations and Statistics

1 Overview

Cionawleration of the strocture of macromolecules starts with a look at the details of chain level chemical
details which can impact the conformations adopted by the polymer. In the case of saturated carbson
backbones, while maintaining the desired C;_, — C; — U bond angle of 1127, the placement of the hinal
carbon in the triad above can oocur at any point along the cireumference of a circle, defining a torsion angle
w. We can readily recognine the energetic differences as a function this angle, {/{y) such that there are 3
minma - a deep minimum corresponding the the trans state, for which o = 00 and energetically equivalent
gauche_ and gauche states at ¢ = 1) degrees, as shown in Fig 1.
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Figure 1: Trans, ganche- and gaosche+ conbipurations, and their encrgetic sates

1.1 Static Flexibility

The static Hecability of the chain in equilibrinm s determined by the difference between the levels of the
energy minima corresponding the gauche and trans states, Ae.

If Ae = KT, the g4, g and t states occur with similar probability, and so the chain can change direction
and appears as a random ool

If A¢ takes on a larper value, then the § conformations will be enriched, so the chain will be rigid locally,

bt on larger length scales, the eventual ocouwrrence of gy and g conformations imparts a ramdom
conformation.

Cheerall, if we ipgnore details on some length scale smaller than [, the persistence length, the polymer
appears a8 a contimeons Hexable chain where



I, = lpexp(Ae/kT) (1)

where lp I8 something like a monomer length.

1.2 Dynamic Flexibility

The dynamics of the transition from the § to g amd g, states is determined by the activation barner
separating them, AR, In analopy to the structural or spatial counterpart, we may think in terms of a
persistence time, T,

Tp = T expl Al (kT (2)

where 7 B an attempt frequency.

Um timescales amaller than m, (at high frequencies, « > 1/5,), the chain looks inflexdible - its conformation
doean 't change.

U longer timescales, or amaller frequencies, the chain appears lexable as it s able to sample many dilferent
conformational states during the time of observation.

2 Ideal Chain Models

Here we consider ideal chains, that like ideal gases, feature no net interaction (repulsive or attractive) among
the 1 monomers, each with bond length [ We start with a description of the end to end distance of the

chain. Given the random nature of displacements of monomers with respect to each other, the mean end-
end distanee, (H) = 0. The first non-trivial moment of the distribution of end-end digtances is the second

maoment, so we look at the mean squared end-end distance, {17}, defined in Equation 3.
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2.1 Frecly Jointed Chain

« All bond lengths are the same

& There 158 o oorrelation between the directions of bond angles, no treatment of torsional angles.
fcmﬂi?-} = [} fior § £ 5.

(K = ni* (4)



2.1.1 Equivalent Freely Jointed Chain

We may represent an ideal polymer chain which for which we account for local interactions via (7, ete. by
an cquivalent freely jointed chain. The equivalent chain has the same lly extended length of the actoal
chain, MHiwue. and the same mean square end-emd distance. 1t is composed of N subunits of length & such
that Vb = Hunue and {B*) = N#* = Cand®, 5o that
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Figure 2: Equivalent freely jointed chain

2.2 Freely Rotating Chain

& All bond lengths and angles are the same

& We have to determine the correlation among the bond vectors of the chain, the distance over which
the direction of a particular vector may persist.

Clorrelations are tramaferred along the direction of bond vectora.

(Pi7;) = P(con ) ()
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where 8, i8 a persistence mumber, #, = —1/ In{eoa@). This leads to the final result that
(K2} = ni® (%:) = Oonl? (8)

For saturated carbon chaing, # = 68" a0 O/, = 2.

2.2.1 Worm-Like Chain Maodel

For very stilf chaing, the worm-like chain model s applied. Here, the bond angle @ is small and we make
approximations for cos @ and Inf{eoa ) as used in the derivation for the freely rotating chain.



