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Annotation: Inertial effects in molecular rotational Brownian motion represent a
fundamental area of study in molecular dynamics and statistical mechanics. The
thermal agitation of molecules results in rotational Brownian motion, which induces
additional fluctuations and changes in their rotational energy. These effects have a
significant impact on molecular dynamics, particularly at elevated temperatures, by
altering molecular interactions and their behavior in the surrounding environment.
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HABJIIOAEHUE UHEPIHIUOHHBIX DOPEKTOB B MOJIEKYJISIPHOM
BPAIIATEJIbHOM BPOYHOBCKOM /IBUKEHUUN.
AnHoraums: HMuepuuoHHbie d(QQexkTel B MOJEKYIIpPHOM  BpallareabHOM
OpPOYHOBCKOM JBMIKEHHUM IIPEACTABISIOT COOOM OCHOBHYIO 00JIACTh W3YUYCHHS B
MOJICKYJIAPHON JWHAMUKE M CTAaTUCTUYECKOW MEXaHUKe. TepMalbHOE IBUXKCHUE
MOJIEKYJl MPUBOIUT K BO3HHUKHOBEHHWIO BpallaTeIbHOTO OPOYHOBCKOTO JBHMXKECHMS,
KOTOpPOE BBI3BIBACT JOMOJHUTEIbHBIC KOJIEOAHUsI U U3MEHEHUS B MX BpalllaTeIbHON
sHepruu. OTu 3(PPEKThl 3HAYUTETHHO BIUSIOT HAa MOJCKYSIPHYIO JIHUHAMHUKY,
O0COOEHHO TIPY TOBBIMICHHBIX TEMIIEPATypax, U3MEHSAS B3aUMOJCHCTBHUS MOJICKYI U

UX JIBUKECHUS B OKPYKAIOIIEH Cpee.
Knrouesvie cnoea: epawamenvroe O8udiceHue, 2aycco8CcKoe pacnpeoeneue,
oughyzus, monexyna, unepyus, meu3op.

AYLANMA BROUN HARAKATIDA MOLEKULALARDA INERSION
TA’SIRLARNING KUZATILISHI
Annotatsiya:  Aylanma Braun harakatidagi molekulalardagi inersial ta'sirlar
molekulyar dinamika va statistik mexanikada o‘rganishning asosiy sohasini ifoda
etadi. Molekulalarning termal qo‘zg‘alishi oqibatida yuzaga keladigan aylanma
Braun harakati ularning aylanish energiyasida qo‘shimcha tebranishlar va
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o‘zgarishlarga olib keladi. Ushbu ta'sirlar molekulyar dinamikaga, aynigsa yuqori
haroratlarda, molekulalarning o‘zaro ta'sirini va ularning atrof-muhitdagi xatti-
harakatlarini o‘zgartirish orqali sezilarli ta'sirini ko‘rsatmasdan qolmaydi.

Kalit so ‘zlar: aylanma harakat, Gauss tagsimoti, diffuziya, molekula, inersiya, tenzor.

Introduction. In the fields of statistical mechanics and molecular dynamics, the
unique significance of rotational Brownian motion is evident. This motion arises from
the thermal agitation of molecules, and during this process, additional fluctuations
and energy changes in their rotational motion are observed. This thesis is dedicated
to the study of molecular inertial effects, which can significantly alter intermolecular
interactions and their movements in the environment, particularly at elevated
temperatures. The aim is to achieve a clear understanding and prediction of molecular
behavior through the dynamics of their rotation and correlation functions.

This work is based on the theoretical analysis of inertial effects in molecular rotational
Brownian motion, employing methods developed by Still to derive scientifically
grounded results and conclusions.

Inertial effects and their calculation.

The theory accounting for inertial effects of particles, namely molecules, during
rotational Brownian motion was first developed by Still. The orientation distribution
probability of the Still function can be represented as a continuous function as

follows:
oP .
—=V 1
o = Ve (1)
Here, the current density jis given by the following equation
j=RV,P 2)
t
Ry (1) = [< ,(0)o; (1) > clt (3)
0

Here w,- represents the projection of the angular velocity, or its shadow. Now we will

calculate R;

RO =) -0 ) s, @

To calculate R; we need to write the general form of the rotational diffusion equation

as follows:
W= LR 00 T (5)
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If 5% >>1 1s present, the form of the rotational motion equation can be expressed
as follows:
P/ _ kT 2 P
Vo= 2T T ©
here, k%_ =D represents the components of the diffusion tensor. The solution of

equation (5) can be understood to be valid forany U , &, = &, arbitrary condition.

2 2 2 2
£ :gya—PzRXX(t) a—F;+ctg¢9a—|:)+cose<:206—|:2)+(ct920+RL(t) 0 F; —2cosdcosechd i
ot 00 00 op R, (t) oy ooy
(7)

The solution of equation (7) is generalized for spherical functions
P=2 C(®Tn(0.6,%) (8)

I,m,n

)

If equation (8) is substituted into equation (7), it can be written as C/
Com (1) =27, D, (1) 9)

In that case, D, ,(t) satisfies the following condition

on P/ 1 R, 0-1"R, 0 (10)

In this case I, =n®—I(1+1)is calculated as (10).

e e 1) o
l | &L |

T>>l is present, D, (t) will have an exponential character and depend on {

git

However, if T <<1 1s absent, it will exhibit a Gaussian distribution.

IKT
52

D,, = exp{[nz ~10+1)]

§|t|m D,yn(t):exp{—%l(l+l)kTTt2} (12)

The solution of the equation can be computed based on formulas (8), (9) and
(11) and a, , can be observed that the coefficient indicates the initial distribution.
When calculating inertial effects for nuclear magnetic resonance and dielectric

relaxation time, the correlation function (8) should be expressed in the following
form:

Ky =<Y\"(B(0), «@)Y," (B(0), (0)) > (13)
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The angle of the molecule in » for Still's calculations will be expressed in the
following form:
K@) () = cos’nexp(=2h,) +sin® nexpl- (h, + p,)] (14)

KG(t) = (1—gsin 2n)? exp(—6hx)+%sin 2 2nnexp[- (5h, +hz)]+%sin “nexp[-(2h, +4h)] (15)

=K e 1) (16)

This type of theory is applicable for spherical cavity-type molecules. Additionally,
it is necessary to take the rotational coordinate system vector Z relative to the axis.
If =0 or small values of ¢ the correlation functions (14) and (15) can be expressed

in the following form based on Gaussian distribution:

0 x
K((1)) = exp(—1*?) (17)
K((g) = exp(—37™?) (18)

Here, t° = t(kT/ I)% Equations (17) and (18) hold significant importance in Still's
theory. To apply such equations, it is necessary to consider additional conditions. In
this case, equation (1) cannot be used for calculating the probability of the distribution
function. Based on the law of free rotation, it can be shown that the correlation
function has the following solution.

KD © =2/30 -t D exp (= T7/y) + /3 (19)
K((g)(t) = (2/5)(1 — 47*%) exp(—21*%) + (2/5)(1 —1*%) exp (— 7*2/2) + 1/5
(20)

Conclusion. Rotational Brownian motion leads to additional fluctuations in

molecular systems. These fluctuations can significantly impact the rotational and

translational properties of molecules, thereby influencing their dynamics. This is

crucial for accurately modeling molecular systems and predicting their behavior.
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