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Reaction KineTICS

Reaction kinetics is defied as "The shidy of the sate b which
chemical reactions oxwr and +the factors that inflaence this sate:
It helps us fo desaibe order of weaction

Zero Order wseaction

First Order weaction
Second Order  seachion

Zero OrDER  KiNeTICS

Zero order Reachon s a type OF chemical feachion where sute oF
seaction |s independe«mL of concentration of reactant:

lets suppose

A » B|

Now rafe = K (A1
As this s a zero order reaction , x =0

Hence rate = K
Now we know Rote of Reaction can also be expresed as

Rete = -d[A]
d+
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Here we can whte above equa'hbn as !

= -d['ﬂ] = K
d+

[A] = - ket

On fn’regmh‘ng both side, we get :
+

A
%Sdm =-§«d+

0

A-Ac = -K(+-0)

A-Ao = -Kt
A = Ao—'fﬁ'
A= Ao"w

Here , A, = Iniial concentration of A
A = Concemiation of A at any Hime '+
K = rmate constant

t= time in whih coneentration changes from As— A
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_(Concentration VIs Time Plot
(ompan‘rg A= ki o As with y= mxtC, we 3:#

Y= A 4
= -K Ao
=t
C= Ao Slope=-k
(Al

time ()

Hawr Lire (4 112)

T+ i he time wequired Ho reduce inftial concentration of the
yeactant fo beome half of fis vaue dwing the progres of
the weachon-

Time = tif

Concentration = Ao
2

We have = Ao—Kt = A

Putting above values , we  gef
Ao

5= Po-ktyz > Kl = Ap- Ao
i+ 8
Ktz = A = 4y, = Ao
] 2K

t2 = Ao /2k
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SHewr LiFe (190)

T is the time requred for reactart conenttation fo decrease
to 4o/ of Hs inftial Cconcentration-

time =

te

(oncentration = 0-9 Ao

Putting above values in A = Aokt , we get

0-9p = A, kigo

H{ao = Ao“ 0‘9 Ao
tgo = Ao—0JAe
K

tgo =

04 Aj
K
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® A fit order feaction s q chemical reaction where the rate of
feaction is difectly  proportional o the conentration of the weactant-
® [el's consider :

A

Now rafe = k (R]"
As this Is a fict order rachon X = 1
Hence vate = KI[A]

Ao sate = -d[Al
H+

Hene 'q_@_ = kla]
dt
d[ﬂ] ='Rd+
CA)

Imgmﬁng both side, we get :
A ¥
g@ﬂ - j-kaf
A~ CA] v
[Iogﬂ]:o = -K [t]:

g A - logfAe = -K(t-0)
IUELH “"DSeﬂu = Kt

log.A = log, A, - Kt continued.. ...
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Notw Iogen = 2-303 log, x
Hence we can wrte above equation as :
2:303 log,on = 2:303 logy,A, = kit
dividing the above equation by 2303, we get

'091UA =, !0810 Po = kt
2-303

'OSTDA = Iﬂgqm Ao - k‘t
2:303

GRAPHICAL  REPRESENTATION

(oraparing above equation with y = mx+C, we get:

\’ = 10910 A
m= "H '
2303
0= % log oA Slope = K
C = logy Ao 2303
£
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Hawr Lirg (Li)
Time in which reaction completes 50
Time = 142
A = Ao
2

Now , we have logypA = logg Ao ~ Kt
2303

We @n wiite it like:

oGy Ao— logy,A = _Kt

————

2-303

logyAe - _ki
A 2:303

'L:." 2'3{03 '0910.&2

Now, TF we put the vae of t=+j2 £ A= Aol2 in above
eqya’rfon, we get:

-}1 -~ Q303| %
b = S Iy

1 E—

pa/2

Ktz = 2303 log, 2

[

2:303 X 0-3010
0-643

1"

{1;2 = 0693
K

VIDEOS : ) IMPERFECT PHARMACY



SHeLr LFe

Time = tgo
A= 09A

we have t = 2303 |0 A
Tk L

Hrfhrg above values , we get :

tg = 2:303 log, £

K 09 Ao
= 2-303
K JU\?TO 1—‘;’

- 2:%(2; (Ioﬂlo 10 - '09103)

2303 (41- 04s)

1"

tgo = 0105
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Desraoation OF PuarmaceuTicar Propucr

Degradation of phamaceutical - product-  1s the process by which
a druq substance or product underqoes undesifable  physical,
chemical or microbiological  changes , leading o loss of potency,
SGF-’W £ peutting In he fovmulation ofF inackve Or hamfal

bq products -

facors Affecting Degradation of Phamaceutical Products

There are {bllowmg Joctors which mainly affecks the degradation
of pharmaceutical  produds :

Temperature

Solyent

Tonic srength

Dielectnc constant

Specific £ Gieveral Acid -Base catalyst-

@®@©@

As femperature  increases , molecular motion and enesyy  increase-
This leads to more frequent and energetic  (ollisions  between
molecules-

® More molecules cross the activation energy barmer, speeding up
the reaction —* faster degradation.

@ TEMPERATURE
[ ]
L]
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Follows Arhenius Eq_uaHOn:

h, = A e—EﬂfRT

Ea : Adhivation energy
R: Gas constant
T: Absolute Temperafu(e (Kelvin)

Higher temperature = higher k = faskr degmdahbn

Examples

Penicillin G degrades quickly ot high temperature:

Aspirin underqoes hydrolysis ot elevated temperature to form
Saligyclic acd + acetic aad-

Prevertion

Store temperature - sensitive drugs in ool of refrigerated
conditions (2-8°C) -

Avoid exposure o high temperatures  during storage and
transport-

VIDEOS : ) IMPERFECT PHARMACY



@ Sowvent
® Solvent polasity and composition influence :
~ Drg solubility
= Reaction Pathway ( eg- hydrlysis , oxidetion)
® Agueous solvents (water) can cause hydrolysis:
® Organic solvents (eg Alcohol, PEG) can feduce degmdcrﬁan by limiting
water activiy.

Examples
® Eslers degrade Via Mdmvgc in water:

o Nitglycesin is more stable in alcoholic solvents:

P revertion
o Use mixed solvents (f'{-} water +ethanol) fo reduce hydrlysis:

¢ Replae water with anhydmus ow  non- aqueous solvents cwhen
Stabilty s a  Concem-

o (huse solvent systems baced on druq compatibility and stability
data-
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(@ Towic Strenem

Tt meosures of the fotal concentration of chamed particles (ions) in @
solution-

How i+ affeds d{({? degmdaﬁms:

i) Faster Reactions : Higher ionic strength can speed up chemical reactions,
inclucting drug breakdown , because 1ons increase
inferactions  blw molecules.

ii) S’rabil'rlq Changes: Some drugs deﬁmde quicker in sah‘q (hrgh jonic)
Solutions, while others may sty stable - longer

i)y PH InFluence : Ton can aher pH, indirecty affecting drug stability-

Examples
A liqud medidne Stored in a saline Soluton (high ionic strength)

might degrade fastes than In pure water:

Prevertion

® Fosmulate with controlled ionic siTeng+h using appropriate buffers
or calic forms.

® Avoid excessive addition of sals unless required for isotonicify-
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@ Deecrric ConsTANT

® The dielecic constant (€) measures solvent polarity-

e High dieleckic onslant (eg. water) promotes fonization of drugs and
feagents —» may enhance ionic degradation-

e |ow dielectric constant (6'9-: oils , alcohols) suppresses o zahon —»
slows  degradation  feaction like hydrlysis:

Examples
® Drugs stable in non- polar solvents (jow €) degrode Faster in water:

Nitofurarhin is more ctuble solvents with low dielectnic  (onstant

Prevention

e

Use non - polar or moderately polar solvents  Fox jon - sensitive
dru_gs-
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(© Aap -Base (ATALYsIS
® Many degradation reactions (eq., hydrlysis) are catolyzed by H*
(acid) or  OH™ (Base)-
® Two fypes:
— Specific acid [ base catalysis: Only involves HY or OH"
- General acid| base catalysis : Involves buffer species in  addition 1o
Ht or OH™.

Examples
® Agpirin : Hydmlyzed fister under alkaline conditions (base - catalyzed).

® Penicillin-Gi: Degraded in acidic conditions due to B- lactam 8ing
opening-
o Buffers (like acetate , phasphate) may catalyze degradation even at
stuble pH-

Preventtion

® Select optimum pH for stobility of each drug:

o Use buffer systems that do not cafalyze degradation-

o Avod strongly acdic or basic envibnments unless necessary for
solubl'lrh,.
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I:STF\BIUZRTION O _Mepicinar Propucts

Shubilization of medicinal products & the application  of vanous
stategies and dechniues fo prevent or minimize  physical | chemital,
microbiological and therapeutic degradation of drgs, Thereby
maintaining their efficay and sofety  dunng  storoge and use:

@ _Hyorolysis

® Hydrolysis a chemical reaction in which a dmuq molecule reacts
with water, causing bond breakdown and leading to drug
degradaton.

o (Common In esfers, amides and lackams-

Example
Aspirin — Salicyelic add + acetic aad (on hydm)qsfs)

Stabilization agm‘nd- Hydrdlysis

Use anhydrous (dry) fosmulatiors.

Store - in m's+u:e~pran comtmners.

Add desiccants (silica gel) -

pH adjwiments to reduce hqdm!yh‘( e

Uce non- aqeous  salvents like ojls or alcobols-

PpralE as dry powders for recongtituhion-
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® _Oxipamion

® Oxidohion is the loss of electons or addition of Oxygen o a dmg
molecule , often leading to cobor changes , pofency loss or Toxicity-

® (ommon In Phenols, aldehydes, alcohols and unsaturated @mpounds-

Examples
Adrenaline gelc Oxidized and fums brown-

Stabilization _against Oxidation

~J
Add antioxidants (eg. ascobic acid, sodium  bisulffe)
Use airtight and Irghf - resistant containers (amber botes)-
Replace aur with nifrogen Or  carbon diowide (in o.mpowe:)-
Add chelating agents (eg- EDTA) to bind meta jons-
Store in copl condihons 1o slow Oxidation-
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ACCELERATED STABILITY TESTING

Accelerated stability Jecting is a method used 1o predict he shelf life
or expiiahon date of pharmaceui) products by storing them under
elevated siress onditions ( such as high temperature and humidﬁt/) t0

speed up degmdaﬂbn-

Purpose

To detexmine expiration date quickly.

To study +he degradation pattesn of the drug-

To quide formulation improvemerts  and parkagfng selection -
To ensure regulatory compliance  (eg. TcH gwdelmes)-
PrincipLE

Chemical reactions (like degmdaﬁon) are temperofure - dependent and
Follow the Arehenius equation-

By storing drugs ot higher temperatures and  humidity , reaction
fates increase , and degradation occur fuster, allowing shelf- life
prediction 0 q short time-

(ommon StRess ConorTion Useo

Conpimon TypE TypPicAL SETTING
Temperature 40  2'C
Humidrty IS £ S RH
Duration 6 months

® These are based on ICH g (R2) quidelines for acelerated tecting.
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Proceoure

Select bafches of 4he drig product (minimum 3)
Store samples under accelerated  conditions:

Take samples at intervaks (eg. 0/1,2,3, 6 months)
Analyze for:

Physical appearance

Assay (Potenty)

Degradation  products

Dissolution

Motsture contert-

ADVANTAGES

Fast estimation of shelf |ife-
Useful in early fosmulation stage-
Reduces time and cost of long -tesm studies:
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PuotowyTic DE&RADATION

® Photolytic Degradation refers {0 the breakdown of pharmaceutial

substances when exposed to light , epedally uHmvailet (L) or
visible ~ Iight-

® The reaction can cause chcmges in the drug's ehucture , potency

and caf‘eh{.

Examp_le
Nifedipine, Riboflavin and Vit A are light - sensitive dmgs-

Prevention Methods

Use of amber colowed or opaque containefs:

Storage in dark ox light- protected containers-

Addrtion of Iight stabilizes or OV abssrbers in fommulations.
Proper padaging (eg . blisters packs, aluminium fls)-

This helps maintwn drug sfabilﬂnf and extends shelf -life -
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