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-1 -nrdurt.y & Typ€s: p.irnary & Secondary

t-Commerce Meanrll s Cppununrttr
,mpremenration, sec,ilffi #Tr1,ff::l}';#::]!.n:: *,ired br succesrtuI €{omm*ce
Outsourcing of Services: Nature, Nee

SERVICE SECTOR O ,ra,n# 
rrres, Fin ancia I services, Advertisirg, Customer Support se*ces.

Ban&lngr Types of Banks & Functions of Commercial bank.
lnsurance : princtples, Types : Life & (rtoeltty lnsurance. ;enetal, Fire & marine and lnsurance of
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& communit in 6eneral.

Eusihejs Ethicsj Concepts & Elements.

.FORMS 
AND FORMATION OF BUSIIIESS EIVIERPRISES

Meanin& Features, Merits & Limitatio[s of fol,owing Forms:
Sole proprieto.ship

Joint Hindu Business
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( m
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CGoperative Sociti€s,
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Atnctu" 
'T

English

a) Critical and historical understanding of

. lndian Engllsh writers: R.k.Narayan, Rajarao, Arundhati Roy, Khushwant Singh, Mulk Rai

Anand, Anita Oesai, Rabindranath Tagore, Saroiini Naidu,

. Jacobean to Restoration: John Donne, iohn Milton,

. Au8ustan Age: Alexander Pope, Jonathan Swift, Joseph Addison, Samuel Richardson,

Henry Fielding
. Romantic Period: william Btake, William Wsrdsworth, Samuel Taylor Coleridge, I'ord

Byron, P.B. Shelley, John Keats, Oorothy Wordsworth Jane Austen, Sir Walter Scott,

Mary Shelley, Mathew Gregory Lewis.

. Victorian Period: Atfred, Lord Te:1nyson, Robert Browning, E.B. Brownin&Thomas

carlvle. John Ruskin, Walter Pater, Florence Nightlngale, Charlotte Elonte, Emily Bronte,

Charles Drckens, Thomas HardY,

. Mode.n Period: T.s. Eliot, Virgin ia Woolf, Joseph Conrad, James Joyce, E. M. Forster,

D H Lawrence, W. B. Yeats, Geor8e Bernard Shaw.

. contemporary Period: Phllip Larkin, Ted Hughes, Stevle smith, seamus Heaney, Eavan

Boland, George orwell, william Golding, Do.is Lessing, Graham Greene, Salman

Rushdie, V.5. Naipaul, Stephen Leacock.
. Literary Terms

b) Grammar and Linguistics
. Phrase structure rule, Transformational generative grammar (with reference to

chomskv), Transformational rule, a brief introduction to Semitic languages,
.^. o ino,r (tir< language vrriFty dialect, accent and register, psycholinguistics nature

a-c application, behaviorist, cognitive and mental views of language learnin& individual
differences

. Lrnguistics (srgn, speed and writinB, anthropologist, organ of speech, descrlption and

classifacatiofl of sounds, morphology and word formation.
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Biology

Unit I DiversitY in Living World

. Eiology- its meanlng of relevance to malkind

. Taxonomy - concept of species and taxo.omical hierarchy

. Systematlc - lntroduction to plant Systematic, its aims , obiectives and importance '
classification.briefhistory,introduction,varioussystemsofclassificallonoflivinS
organism [Two kingdom system , five kingdom system] Brief ir*roduction to

nomenclature and binomial system of nomenclature

.sa|ientfeaturesandclassiflcationofkingdomMone'a(lncludingArchaebacteriaand

cyno bacteria ) General structure ,occurrence ,reproduction and economics lmportance'

. Kingdom protista- General structure ,occurrence , reproduaion and economic

rn po ata nce

. (ingdom Fungi- General structure, occurrence, reproductlon and economic

importance, diseases of economically important crop plant, rusts , smuts, downy and

powdery mildew damping off.

. Kintdom Plantae- salient features and classification of plants into maior groups'

Al8ae- General account, structure, life cycle of biological importance of green algae,

brown alEae and red algae.

Bryophytes- General account , structure, life cycle and economic importance of

liverworts and mosses'

. Pteridophytes- General account structure, classification, llfe cycle and economlc

r.r|].rt.l r,a a,

. Gymnosperms- General account , structure, classlfication life cycle and economic

rmportance.

. Angioperms- classification up to class ,General account , structure, life cycle and

e(onomic rmportance.

Viruses General structure, types and regtoduction of viruses

Lichens- General account ,structure and life history'

. Kintdom Animalia - salient f€atures (in the reference to habitat, habits morphology

and economic lmportance )and classification of non chordates up to phylum level.

Saliert features ( in the reference to habitat , hablts, morphology and economlc

importance ) classification of chordates up to class level.

Unit ll Structural organization in plants
. Tissue,Tissue system in plants

. Morphology, function and modification of root, stem and leaf



. Anetomy of root , stem and leaf , prirnary and secondary SroMh in dicot stem

. lnflorescence, Types of Inflorescence, flower ( including postion and arrantement of

drfferent whorls ) placentation , fruit, types of fruit, seed'

. Dragnostrcs features, economic importance and distribution pattern of AnSiospermic

families

A) Family Brassicaceae

B) Family Fabaceae

C) Family solnaceae

D) Family Liliaceae

E) Family Poacaae

Unit lll Plant PhysiologY
Transport in Plants - Movement of water ( including diffusion ,osmosis, plasmolysis and

water relatrons of cell ) and nutrients, long distant of water - absorption, apoplast ,

symplast , transpiration pull, root pressure and Suttatlon , transplration openlng and

closinS of stomata, uptake and translocation of mineral nutrients- Transport of food

,phloem transport , mass flow hypothesis.

Mineral Nutrition - Essentlal mlnerals , macro and micro nutrients and their role ,
defioency symptons , Mineral toxicity, Elementary idea of hydroponics as a method to study

mlneral nutfltron.

Nitrogen Metabolism - Biological nitrogen fixation , Nitrogen cycl€.

Photosynthesis - Photosynthesis as means of autotrophlc nutrition, pigments involved in

Photosynthesis, absorption and action spectra, photochemical and biosynthetic phases of
Photo<vnthesis , photophosphorylation : cyclic and non cyclic of photophosphorylation,

chemrosmotic hvpothesis, photorespiration, factors affectinB Photosynthesis.

Resprratron- Aerobrc resprratron: uiyLolysrs, Kerbs's cycle Electron transport chain and

oxidatrve phosphoryation , Anaerobic respiratlon , respiratory substance and respiratory
quotrent

Plant Growth and development - phases of plant growth and plant growth rate, canditions

of growth , Differentiation, and dedifferentiation, Redifferentiation Growth regulators -
Role oI auxins, gibberdlin, cytokinin, ethylene, abscissic acid photoperiodism, role of
phytochrome and harmones in photoperiodism, Dormancl, methods of breaking seed

dormancy, vernalization.

Plant movements- Tropic movements ,phototropism ,gravitropism and thelr mechanism,
Na5tlc movements.

Unit lV Strutural organization in Animals
-Tis(Lrc in inimals



MorpholoBV, anatomy and function of different systems ( diSestive' circulatory resPiratory

nervous ano reproductive )

of earthworm, lro8 and an insect ( Cockroach )

Unit V Animal PhYsiologY
Human Physlology

Ditestion and absorption :- Alirnentary canal and ditestive Slands , role of ditestlve

enzvmesandgastrointestinalharmones,digestion,absorptionandassimilationofproteins

carbohydrates and fats, egestion , nutrition and ditestive disorders'

Breathing and resPiration - tespiratory organs ln human beints, Mechanism of Breathing

and its regulation in human, Transport of respiratory gases, Respiratory volumes ,

respiratory disorders .

Circulation

composition of Blood , Blood Sroups, coagulation of blood , composition of lymph and its

functions , structure of human heart and blood vessels , Cardiac cycle, Cardiac output, ECG ,

doub e .ircLrlation , Disorders of circulatory Systems .

Excretion- Modes of excretion, structure and function of excretory system , Urine formation

, o5moregulation, Regulation of kidney function , Renin- antiotensln , role of other ortans ln

excretion , Disorders of excretory system.

. Locomotion and Movement ;- Types of movement , Skeletal muscle - contradile
proteins and muscle contraction , skeletal system and lts function , jolnts. Disorders of
muscular and skeletal system Neural @ntrol and coordlnatlon; Neuron and nerves;

Nervous system in humans- central nervous system, peripheral nervous system and visceral
nervoLrs system; Generation and conduction of nerve impulse; Reflex action; Sense organs;
Elementarv structure and function of eye and ear.
. chemical coordination and regulation: Endocrine glands and hormones; Human

endocrine system-Hypothalamus, Pituitary, Pineal, Thyrold, Parathyroid, Adrenal,
Pan.reas, Gonads; Mechanism of hormone action (Elementary ldea); Role of hormones
,r! messengers and regulators, Hypo-and hype.activity and related disorders (Common
d :,orders e.g. Dwarfism)

Unit Vl Reproduction

Reproduction in organisms: Reproduction, a characteristic feature of all organisms for
continuation of speciesj Modes of reproduction - Asexual and sexual; Asexual reproduction;
Modes-Brnary fission, sporulation, budding, gemmule, fragmentatioU vegetative propagation ln
plants.

sexual rep.oduction in flowering plants: Flower structure; Development of male and female
gametophytes; Pollination-types, agencies and examples; Outbreeding devices; Pollen-Plstil
interaction; Double fertili2ationj Post fertilization evenls-Development of endosperm and



embryo, Development of seed and formation of fruit; Special modes'apomixis, parthenocarpy,

polyembryony; sagnificance of seed and fruit formation.
Human Reproduction: Male and female reproductive systems; Mlcroscoplc anatomy of testis

and ovary; Gametogenesis-spermato8enesis & oogenesis; Menstrual cycle; Fertilisation,

embryo development upto blastocyst formation, implantation; Pregnancy and placenta

formation (Elementary idea); Parturition (Elementary idea); Lactation (Elementary idea).

Reproductive health: Need for reproductrve health and prevention of sexually transmitted

diseases (STD); Eirth control-Need and Methods, Contraception and Medical Termination of

Pregnancy (lvlTP); Amniocentesis; lnfertility and assisted reproductive technologies - lVF, ZIFT,

GIFT (Elementary idea for general awareness).

Unit Vll Cell biology, genetics and Evolution.

Structure and function o, bio molecules i Carbohydratetlipids protelnt and nucleic acid.
Enzymes- types,p.operties,functions and enzymes action
Cell-physrco-chemical nature of plasma membrale , cell wall,
Ultra structure of cell orBanelles with brief description and tunctions.

1. Indoplasmicreticulum, golgibodies, lysosome, vacuoles, mltochondria, ribosomes,
plastids, cilia, flagella, centrioles nucleolus.

2. Cell division : cell cycle, mitosis , meiosis and their significance.
H€redity and variationi Mendelian lnheritance; Deviatiots from Mendelism-lncomplete
dominance, Co-dominance, Multiple alleles and lnherltance of blood groups, pleiotropy;

Elementary idea of polygenic inheritance; Chromosome theory of inheritance; ChromGomes
and genes; Sex determination-ln humans. birds, honey bee; Linkage and crossing over; Sex
linked inheritance-Haemophilia, Colour blindness; Mendelian disorders in humans-Thalassemia;
Chromosomal drsorders ln humans; Down's syndrome, Turne/s and Klinefelter's syndromes,

- Molecular basis of lnheritance: search for genetic material and DNA as genetic material;
Structure of DNA and RNA; DNA packaging; DNA replication; Central dogma; Transcription,
Eenet( (,,ile translationj Gene erpression and regulation-Lac Operoni Genome and human
Senome prolecr; DNA finEer pranting.

- Evolution: Origin of life; Biological evolution and evidences for bioloBical evolution lrom
Paleontology. compatative anatomy, embryology and molecular evidence); lamarck theory of
evolution Darwin's contribution. Modern Synthetic theory of Evolution; Mechanism of
evolutLon-Varlatron (Mutation and Recombinatioo) and Natural Selection with examples, types
of natural selection; Gene flow and genetic drift; Hardy-Weinberg,s principle; Adaptive
Radiation Human evolution-

UNIT Vlll Biology and Human Welfare
Health and Discase; Pathogens; parasites causing human diseases (Malaria, Filariasis, Ascariasis.
Typhord, Pncumonia, common cold, amoebiasis, ring worm); Basic concepts of immunology-
va..rnet. Cancer, HtV and AIDS; Adolescence, drug and alcoholabuse.



lmprovement in food production; Plani breedinS' tlssue culture' sinSle cell protein'

Biofortif ication, Apiculture and Animal husbandry'

- Microbes in human welfare: ln household food processin& industrial production' sewage

,r..ir"ni, 
"nurgv 

g"neration and as biocontrol agents and biofertilizers'

UNIT lX Biotechnology and lts Applications
- Principles and process of Biotechnology: Genetic engineering (Recomblnant ONA technologY)

, Apolication of BiotechnoloBy in health and ag'iculture: Human insulin and vaccine produdion'

g"n. ,i"r.oy Genetically modified organisms-Bt crops; Transtenic Animals; Biosafety issues-

Brop rdL, J,rd -dlent5.

UNIT X Ecology and environment
organisms and environment: Habitat and niche; Population and ecological adaptations;

Population interactions-mutualism, competition, predation, parasitism; Population attributes-

growth, birth rate and death rate, a8e didribution'

- Ecosystem: Patterns, components; ptoductivity and decomposltlon; Energy flow; Pyramids of

number, biomass, energy; Nutrient cycling (carbon and phosphorousl; Ecological succession;

Ecological services-carbon fixation, pollination, oxygen release' Blo8eochemical cycle

, Biodiversity and its conservation: concept of Biodiversity; Patterns of Blodiversity; lmportance

of Brodrversity; Loss of BiodiversitY; B od versity conservation; Hotspots, endangered organisms'

extinction, Red Data Book, biosphere reserves, National parks and sanctuaries'

In!i'-).I'1e.t.l issues Arr polluton ind its control; Water pollution and its control;

Agrochemrcals and their effects;solid waste management; Radioactive waste manatement;

Greenhouse effect and global warning; ozone depletion; Deforestation; Any thtee case studies

as success storres addressing environmental issues.
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PHYSICS

r Mathematical Methods of Physics

Dimensional analysis; vector algebra and vector calculus; Linear algebra, matrices, cayley

Hamilton theorem, eiSenvalue problems; Linear differential equations; Special

functions (Hermite, Bessel, Laguerre and Legendre); Fourier series, Fourier and Laplace

transforms; Elements of complex analysis: Laurent series-poles, residues and evaluation

of integrals; Elementary ideas about tensors; lntroductory group theory SU(2)' O(3);

Elements of computational techniques: roots of functions, interpolation, extrapolation,

integration by trapezoid and simpson's rule, solution of first order differentiat €quations

using Runge-KLrtta method; Finite d rlerence methods; Elementary probability theory,

random variables, binomial, Poisson and normal distributions.

r Classical Mechanics

Newton's laws; Phase space dynamics, stability analysis; Central-force motion; Two-body

collisions, scattering in laboratory and centre-of-mass framesi Rigid body dynamlcs,

moment of inertia tensor, non-inertial frames and pseudoforces; Variational prlnciple,

Lagrangian and Hamiltonian tormaiisms and equations of motion; Poisson brackets

and canonlcal transformations; Symmetry, invariance and conservation laws, cyclic

coordinates; Periodic motion, wave motion, small oscillations and normal modes;

Special theory of relativity, Lo,entz transformations, relativistic kinematics and mass-

energy equivalence, work power energy, Sravitation, pressure, motion of fluids, viscoslty,

surface tension.

lll. Electromatnetic Theory
Electrostaticsr Gauss' Law and its applicationsi Laplace and Poisson equations,

boundary value problems; Magnetostatics: Biot-Savart law, Ampere's theorem,
electromagnetic induction; Maxwell's equations in free space and linear isotropic media;
boundary conditions on fields at interfaces,; Scalar and vector potentials; Gauge invariance;
Electromagnetic waves in free space, dielectrics, and conductors; Reflection and
refraction, polarization, optical instrument, defects of eye. Fresnel's Law, interference,
coherence, and diffraction; Dispersion relations in plasma; Lorentz invariance of
Maxwell's equations; Transmission lines and wave guides; Oynamics of charged
particles in static and uniform electromagnetic fields; Radiation {rom moving charges,
dipoles and retarded potentials, current electriclty-Kirchhoffs Law, Wheat Stone Brid8e,
Potentio meter & Slide Wire Bridee.
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lV. Quantum Mechanics

wave'particle duality; Wave functions in coordinate and momentum

representations; commutators and Heis€nbeB's uncertainty principle; Matrlx

,eires"ntation; oirac's bra and ket notation; schroedinger equation (time'dePendent

and time-independent); EiSenvalue problems such as particle-in-a'box' harmonic

oscillator, etc.; Tunneling through a barrier; Motion in a central potentiali Orbltal angular

momentum, Angular momentum algebra, spin; Addition of angular momenta; Hydrogen

atom, spin-orbit coupting, fine structure; Time-independent perturbation theory and

applicataons; Variational method; WKB approximation;

Time dependent perturbation theory and Fermi's Golden Rule; Selection rules; Semi-

classical theory of radiation; Elementary theory of scattering, phase shifts, partial

waves, Born approximation; ldentical particles, Pauli's exclusion principle, spin-

statistics connection; Relativistic quantum mechanics: Klein Gordon and Dirac €quations'

V. Thermodynamie and Statistical Physics

Laws of thermodynamics and their consequences; Thermodynamic potentlals,

Maxwell relations; chemical potential, phase equilibria; Phase space, micro- and

macrostates; Microcanonical, canonical and grand-canonical ensembles and partltion

functions; Free Energy and connection with thermodyaamic quantities; Flrst' and

second-order phase tr3rsitions; Classical and quantum statistics, ideal Fermi and Bose

gases; Principle of detailed balance; Elackbody radiation and Planck's disttlbution law;

Bose Einstein condensation; Random walk and Brownian motioU lntroduction to non'
equrlibrium p.ocesses; Diffusionequation.

Vl. Electronics and Experimental methods

Semiconductor device physics, including diodes, iunctions, transistors, field effect

devices, homo and heterojunctlon devices, device structure, device characteristics,

frequency dependence and applicationsi optoelectronic devices, including solar cells,
photodetectors, and LEDS; High-frequency devices, including generators and

detectors; Operational amplifiers and their applications; DiSltal techniques and

applications (registers, counters, comparators and similar circuits); A/O and D/A

converters; Microprocessor and microcontroller basics, Logic gates, communicatlon

system.

Data interpretation and analysis. Precision and accuracy. Error analysis, proPagation of
crrors. Least squares fitting.
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Vll. Experimental Techniques and data analysls

Data interpretation and analysis; P'ecition and accuracy' error analysls' propaSatlon of errcrs' least

souaresfitting,linearandnonllnearcurvefltiins,chi.squaretest;Transducers(temp€raturc,
;i:H";ff;,'";;*o,. n"ia, viuration' opticai and p€rticle detectors)' measurement and

control; slSnal conditlonlng ana '"co*ry' 
impedance matchin&.amplification (Op-amp based'

lnstrumentetion amp, feedba€k), nt"'ing "ia 'olse 
reductlon' thieldlng and groundin& 

'ourler
ir"ntforr' lo.k'in detectot boxtat integrator, modulation techniques'

Applications of the above experimental and analytical techniques to typlcal undergraduate and

graduate level laboratory experiments

Vlll. Atomic & Molecular PhYsics

Quantum states of an electron in an atomi Electron tpin; Stern-Gerlach €xperiment; spectrum of

iuoror"n. n",,r- and alkala alomg; Rc Jii'isi ' 
co'rections ior enetgy levels of hYdroSen; Hyper'lne

,trr.rJr" .nO isotopic shift; width o, spectral lines; LS & lJ couplinS; Zeeman' Paichen Back & Stark

effect. Photoelectric effect, X-raV spectroscopy; Electron spln resonance' Nuclear magnetlc resonance'

chemical shift; Rotational, vibrational, electroniq and Raman spectra of dlatomic molecules; Ftatrl -
ionao, priniipt" and selection rules; spontaneous and stlmulated emlsslon' Elntteln A & I
coefficients; Lase.s, optical pumping, population inversion, rate equatlon; Mod€s of resonators and

coherence length.

lX. Condensed Matter PhYsics

Bravais lattices; Reciprocal lattice, diffraction and the structure factor; Eonding of

solids; Elastic properties, phonons, lattice specific heat; free electron theory and

electronic specific heat; Response and relaxation phenomena; Drude model of

electrical and thermal conductivity; Hall effecl and thermoelectric power;

Diamagnetism, paramagnetism, and ferromagnetism; Electron motion in a periodic

potential, band theory of metals, rnsulators and semiconductors; Superconductivity, type -
land type - ll superconductors, I osep hson ju nctions; Defects and dislocations; Ordered

phases of matter, translational and orientational order, kinds of liquid crystalline order;

conducting polymers; Quasicrystals.

X. Nuclear and Partlcle Physics
Basic nuclear properties: size, shape, charge disribution, spin and parity; Birlding

energy, semi-empirical mass formula; Liquid drop model; fission and Jusion; Nature of

the nuclear force, form of nucleon-nucleon potential; Charge-independence and

charge-symmetry of nuclear forces; lsospin; Deuteron problem; Evidence of shell

structure, single- particle shell model, its validity and limitatlonsi Rotational spectra;

Elementary ideas of alpha, beta and gamma decays and their selection rules; Nuclear

reactions, reaction mechanisms, compound nuclei and direct reactionsi Classiflcatlon of
fundamental forces; Elementary particles (quarks, baryons, mesons, leptons); Spin and

palty assiBnmenls, isospin, strdr,gene5si Gell-Mann-Nishijima formulaj C, P, and T
invarlance and applications of symmetry arguments to particle reactions, parity non-

conservation in weak interaction; Relativistic kinematlcs,
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ChemistrY

Physical Chemistry

1. Basic principles of chemistrYl- lmportance of chemistry, Nature of Matter' Properties of

Mauerandtheirmeasuremen!Uncertaintyinmeasurements,Lawsofchemicalcombinations'
Dalton's Atomi€ Theory, Atomic and Molecular Masses,Mole concept and molar masses

Percentage Composition, Stoichiometry and Stoichiome$icCalculations

2. Atomlc structurer sub atomic Particles, Atomic models, Developments Leading to the

Bohr's model of atom, Bohr's Model for hydrogen atom, towards Quantum Mechanical model

oi tne /:\tom, CluarrL!m nlechdnrca r;iJ;. Jl Atool, Nature of electromagnetic radiation,

photoelectric effect limitations of Bohr's model, Dual nature of matter, de-Broglie's

relationship, Heisnberg uncertaintiy principle, various quantum numbers( principal, angular

momentum and magnetic quantum numbers) and their significance, shapes of s,p and d -
orbitals, electron spin quantum number, Rules for filling electrons in orbitals-aufbau principle,

Paulti's exclusion principle and Hund's rule, electronic confiSuration of elements, extra stability

of half- filled and completely filled orbitals

3. states of Mattertlntermolecular Forces,Thermal Energy, lntermolecular forces vs

thermal interactions, Ihe 6ascot,s state, The Gas laws, ldeal gas equation, Kinetic Molecular

theory of Gases, Liquification of Gases, Liquid state

4. chemical Bondint and Molecular StructurelKossel - Lewis approach to chemical bond

formatron, concept of ionic and (ovaleni bond5, lonic BondinS, Formation of lonic bonds,

factDrq affecting the formation of ionrc bonds, calculation of lattice enthalpy, Coval€nt Sondin&

concpot of electronegetavitiy, Faian's rule, dipole moment, Valence Shell Eledron Pair

Repul!ro'r(V5EPR) theory and shapes ol srmple molecules, Quantum mechanlcal approach to
covalent bonding, Valence bond theory - its important features, concept of hybridization

rnvolving s,p and d orbitals, Resonance, Molecular Orbital Theory,LCAO5, types of molecular

orbitals (bonding, antibonding), sigma and pi-bonds, molecular orbitals electronic

configrirations of homonuclear diatomic molecules, concept of bond order. bond length and

bond energy, Elementary idea of metallic bonding, Hydroten bonding and its applications.

5. Easic principles and applications of sp€ctroscopy! Rotational, vibrational, e,ectronic,
Raman, ESR, NMR

6. Thermodynamics;- Fundamental of thermodynamics , System and surroundinSs,

extensive and intensive properties, state functions, types of processes, First law of
thermodynam:cs ,concept of wo.k, hcat rnternal energy and enthalpy , heat capacity, molar
heat capacity, Hess's law of constart heat summation , Enthalpies of bo,ld dlssgciatlon,
.omb!rition ,formation, atomization. ( rrblimation , phase transition, hydration, lonisatlonand
solution. Second law of thermodynamics, Spontaneity of processes, AS of the universe and AG

.f tl.e . <ystem as criteria for spontaneity, AG" (standard Gibbs energy change) and equilibrium
ao n 5ll.l
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