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jq;fspd; jpl;lq;fis ,yFthf xOq;FgLj;jpf; nfhs;s KbAk;.

,t;thwhd tsE}y;fs; cq;fs; iffSf;F fpilf;fr; nra;tjw;F cjtpa Njrpa

fy;tp epWtf mYtyu; Fohk; kw;Wk; fy;tpg;Gy gq;fspg;ig ey;fpa ntspthup

ghlepGzj;Jtf; Fohkpw;Fk; vdJ tho;j;Jf;fisAk; kdkhu;e;j ghuhl;Lf;fisAk;

njuptpj;Jf; nfhs;fpd;Nwd;.
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cUthf;fg;gl;Ls;sJ. f.ngh.j. (cau;ju) ,y; ngsjpftpay;> ,urhadtpay; kw;Wk;

caupay; ghlq;fSf;fhd ghlj;jpl;l jputpaq;fs; toq;fg;gl;Ls;sd. Kd;ida Mrpupau;

mwpTiug;G topfhl;bf;Fg; gjpyhf Gjpa Mrpupau; topfhl;b mwpKfg;gLj;jg;gl;Ls;sJ.

,jd; tpisthf fw;wy; - fw;gpj;jy; Kiwapaypy;> kjpg;gPL kw;Wk; fzpg;gPl;by; Fwpg;gplj;
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topfhl;bapy; fw;ww; NgWfs;> Mrpupau;fSf;F fw;wy; topfhl;ly;> fzpg;gPLfs; kw;Wk;

kjpg;gPLfs; vd;gdtw;iw toq;fpAs;sd.

Kd;ida fiyj;jpl;lk; mKyhf;fg;gLifapy;> cau;ju tpQ;Qhdg; ghlq;fSf;F ru;tNjr

uPjpapy; mq;fPfupf;fg;gl;lJkhd Mq;fpy nkhopg; ghlg; Gj;jfq;fs; JizE}y;fshf

mwpKfg;gLj;jg;gl;bUe;jd. NtWgl;l ghlE}y;fs; ,ilNa ghl tplaq;fs; njhlu;ghf

Kuz;ghLfs; fhzg;gl;likahYk; cs;@u; fiyj;jpl;lj;jpy; cs;slf;fj;ij cs;slq;f

Ntz;ba vy;iyg;gLj;jy; Ntz;b ,Ue;jikahy; Nkw;gbg; Gj;jfq;fspd; gad;ghL

Mrpupau;fSf;Fk; khztu;fSf;Fk; nghUj;jkhdjhf mikatpy;iy. Nkw;gb

gpur;rpidfis ePq;fs; ntw;wp nfhs;tjw;F ,e;j tsE}y; nfhz;L tug;gl;Ls;sJ.

,e;j tsE}y;fs; rpq;fsk;> jkpo;> Mq;fpyk; Mfpa nkhopfspy; fpilf;fg; ngWfpd;wJ.

khztu;fs; ghl cs;slf;fq;fis jkJ njuptpw;F mika Mq;fpynkhopapy;> jha;

nkhopapy; tpsq;fpf; fw;gjw;F tha;g;gspf;fpd;wJ. mj;Jld; cs;@u; fiyj; jpl;lj;jpw;F

vy;iyg;gLj;jg;gl;bUj;jy;. ,jd; ,d;Ndhu; rpwg;gpay;ghFk;. fiyj;jpl;lj;jpy; vjpu;ghu;f;fg;
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,e;j tsE}y; gy;fiyf;fofj;jpd; ghlepGzj;Jtk; nfhz;ltu;fshYk; mDgtpf;f ghl

Mrpupau;fspd; msg;gupa gq;fspg;Gld; vOjg;gl;L> Njrpa fy;tp epWtfj;jpd; fy;tp

mYtyfu; rigapdJk; NguitapdJk; mDkjp ngw;W tUtjdhy; ,it cau;juk;

nfhz;lit vd mq;fPfhuk; ngWfpd;wJ.
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 1. rlj;jpd; thA epiy
cs;slf;fk;

1.1 rlj;jpd; %d;W gpujhd epiyfspd;

Jzpf;iffspd; xOq;fikg;Gk; mtw;wpw;Nf

cupj;jhd ,ay;GfSk;

1.2 thA epiy

1.2.1 thA tpjpfs;

• ,yl;rpathAr; rkd;ghL

• ,yl;rpathAr; rkd;ghl;il

mbg;gilahff; nfhz;l fzpj;jy;.

1.2.2 nghapypd; tpjp

(fdtsT - mKf;fj; njhlu;G)

1.2.3 rhs;rpd; tpjp

(fdtsT - ntg;gepiy njhlu;G)

1.2.4 mtfhjNuhtpjp

(fdtsT - msTj; njhlu;G)

1.2.5 %yu;f;fdtsT (V
m
)

1.2.6 ,ize;j thA tpjp

1.3 jhw;wdpd; gFjpaKf;f tpjp

1.3.1 %y; gpd;dk; njhlu;ghfg; gFjpaKf;fk;

1.4 thAf;fspd; %yf;$w;W ,af;ff; nfhs;if

1.4.1 xU ,yl;rpa thAtpd; %yf;$w;W

,af;ff; nfhs;iff;fhd vLNfhs;fs;

• thAnthd;wpd; mKf;fk;

1.4.2 %yf;$w;W ,af;fg; gz;Gf; nfhs;ifr;

rkd;ghL (epWTjy;; mtrpakw;wJ)

1.4.3 ruhrupf; fjptu;f;f ,il kw;Wk; ruhrupf;

fjp vd;gtw;wpw;fhd Nfhyq;fs;

1.4.4 kf;Rnty; Nghw;Rkd; guk;gy;

(tiuG uPjpahf)

• ntg;gepiyAld; guk;gypd; khWif

1.5 nka;thAfl;Fg; gpuNahfpg;gjw;fhd ,yl;rpa

thAr; rkd;ghl;bw;fhd jpUj;jq;fs;

1.5.1 te;ju;thYR rkd;ghL

1.5.2 mtjpntg;gepiyAk; thAf;fisj;

jputkhf;fYk;
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mwpKfk;

gpugQ;rj;jpy; fhzg;gLk; xt;nthd;Wk; ,urhad milahsk; nfhz;lit. rlj;jpd;

rpwpa Jzpf;if xU mZntd ehk; mwpNthk;. ~~rlk; kw;Wk; mtw;wpd; khw;wk;

vd;gdtw;iwf; fw;wy;|| vDk; gpuptpd; fPo; ,urhadtpaypd; mbg;gil tiutpyf;fzj;ij

,yFthf tpsq;fpf; nfhs;s KbAk;. ntspapy; ,lj;ij milg;gJk;> jpzpit

cilaJkhd> ghu;f;ff;$ba> njhl;Lzuf;$ba (kz;> ePu; Nghd;wit) mNjNghd;W

ghu;f;f Kbahj (tsp Nghd;w) xt;nthd;Wk; rlk; vd miof;fg;gLk;. mikg;G kw;Wk;

,ay;gpd; mbg;gilapy; gjhu;j;jk;> fyit> %yfq;fs;> ,jidg; Nghd;W %yfq;fs;

kw;Wk; %yf;$Wfs; vdg; gy;NtW tifg;gLj;jy; cs;sd. ,it milahsg;gLj;j

KbAk;. vy;yhg; gjhu;j;jq;fSk; Fiwe;jsT nfhs;if uPjpahf %d;W epiyfspy;

ntspg;gLk;. jpz;kk;> jputk;> thA vd;gd mitahFk;. jpz;kj;jpy; Jzpf;iffs;

,Wf;fkhfg; gpizf;fg;gl;bUf;Fk;. mUfUNf (neUf;fkhf) xOq;fike;J ,Uf;Fk;

jpl;lkhd tbtk; nfhz;lJ. rpwpa mstpy; miraf;$baJ. jputj;jpy; Jzpf;iffs;

neUf;fkhf xOq;fike;J fhzg;gLk;. Mdhy; ,Wf;fkhf gpizf;fg;gl;buhJ jpz;kj;Jld;

xg;gpLk;NghJ jputj;jpy; Jzpf;iffs; tpiuthf miraf;$bait. Jzpf;iffs;

,ilapyhd J}uk; vDk; ,ay;gpy; thAf;fs; Mdit. jpz;kk; kw;Wk; jputq;fspd;

,t;tpay;gpypUe;J ngupastpy; NtWgl;lit. xU thAtpy; Jzpf;iffs; ,ilj;J}uj;jpdhy;

NtWgLj;jg;gl;bUf;Fk; ngupa nfhs;fydpy; Jzpf;iffs; $bastpy; Rakhf miraf;

$bad. vdNt thAj; Jzpf;iffs; ,ilNa ftu;r;rp tpir kpff; FiwT my;yJ

Gwf;fzpf;fj;jf;fJ kw;Wk; thAj; Jzpf;iffs; jd;dpr;irahdit vdf; fUJtJ

mDkjpf;fg;glf;$bait. ntg;gepiy kw;Wk; mKf;f khw;wj;Jld; njhlu;ghd

fUJNfhs;fis ,yFthf mDkhdpf;f KbAk;.

1.1 rlj;jpd; %d;W gpujhd epiyfspy;; Jzpf;iffspd; xOq;fikg;Gk;

mtw;wpw;Nf cupj;jhd ,ay;GfSk;.

ntspapy; ,lj;ij milg;gJld; jpzpTk; cila xt;nthd;Wk; “rlk;” vd miof;fg;gl

KbAk;. ,j;jifa nghUl;fspy; ehk; ghuj;Jk; ];gupj;Jk; (njhl;Lk;) czuf;$ba

kuq;fs;  Nghd;wd my;yJ ehk; ghu;f;fKbahj ehk; Rthrpf;Fk; tsp Nghd;w nghUl;fSk;

mlq;Fk;. vy;yhr; rlq;fSk; jpz;kk;> jputk;> thA vDk; %d;W gpujhd epiyfshf

tifg;gLj;j KbAk;. rlkhdJ jdJ mikg;G khwhJ ,k;%d;W epiyfl;Fk; ,ilNa

khw;wg;glKbAk;. cjhuzkhf> ePuhdJ ntg;gkhf;fg;gl;L thAepiyf;F (ePuhtp)

khw;wg;glKbAk;. mj;Jld; Fspuhf;fg;gLtjhdhy; jpz;kkhfTk; khw;wg;gl KbAk;.
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cU 1.1 rlj;jpd; %d;W epiyfs;

Jzpf;iffspd; ,af;fk; kw;Wk; xOq;fikg;gpd; mbg;gilapy; rlj;jpd; %d;W epiyfSk;

NtWgLfpd;wd. Jzpf;if ,ilj;J}uk; thAepiyapy; kpf cau;thfTk; mNjrkak;

kpfneUq;fpa ,ilj;J}uk; jpz;k epiyapy; Jzpf;iffs; ,ilNaAk; mikAk;.

thAepiyAld; xg;gpLk;NghJ jput epiyapy; Jzpf;iffs; $bastpy; tpyfp

mikatpy;iy> jpz;kepiyiatplf; $basT neUq;fpAk; ,y;iy. MfNt> jpz;k

epiyapy; kl;Lk; Jzpf;iffs; xU xOq;fhd epiyapy; fhzg;glKbAk;. mNjrkak;

thA jput epiyfs; ,uz;bYk; Jzpf;iffs; vOkhw;whd xOq;fikg;gpy; cs;sd.

,jd; tpisthfj; jputepiyj; Jzpf;iffSld; xg;gpLk;nghOJ thAepiyj;Jzpf;iffs;

tpiuthfTk; RahjPdkhfTk; ,aq;fKbAk;. vt;thwpUg;gpDk; jpz;kepiyj; Jzpf;iffspd;

mirTfs; kdpjf; fz;zhy; ghu;g;gjw;F  kpfTk; rpwpjhd> vy;iyg;gLj;jg;gl;l  mjpu;Tf;

FupaitahFk;. rlj;jpYs;s Jzpf;iffspd; xOq;fikT ,af;fq;fspd; tpisthfg;

ngUk;ghu;itf;Fupa  ,ay;Gfshd fdtsT>  tbtk;> mKf;fg;gLk; jfT> mlu;j;jp

Nghd;wtw;wpd; NtWghLfs; fPNo ml;ltizapy; fhl;lg;gl;Ls;sd.

jpz;kk;

(cjhuzk;: Mzp)

jpl;lkhd tbtKk; msTk;

jputk;

(cjhuzk;: ePu;)

jpl;lkhd tbtkw;wJ

Mdhy; jpl;lkhd

fdtsTilaJ.

thA

(cjhuzk;: He gY}d;fs;)

jpl;lkhd tbtkw;wJ

jpl;lkhd fdtstw;wJ

fdtsTilaJ.

jpz;kk;

typikahd %yf;$w;W

,iltpirfs;. %yf;

$Wfs; mjpu;tilAk;.

Mdhy; Rw;wp ,aq;f

KbahJ.

jputk;

%yf ;$w ;W ,il

tpirfs; kpf typik

ahdit md;W. %yf;

$Wfs;  Rw;wp ,aq;ff;

$bad.

thA

%yf;$w;W ,iltpirfs;

eypthdit. %yf;$Wfs;

tpiuthfr; Rw;wp ,aq;ff;

$bad.
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ml;ltiz 1.1  rlj;jpd; ,ay;Gfspd; gz;gwpuPjpahd xg;gPL

fdtsT jpl;lkhdJ jpl;lkhdJ nfhs;fyj;jpd;

fdtsit milg;gJ.

tbtk; jpl;lkhdJ nfhs;fyj;jpd; nfhs;fyj;jpd;

tbtj;ijf; tbtj;ijf;

nfhs;tJld; nfhs;tJld;

nfhs;fyj;jpd;; nfhs;fyj;jpd;;

KOf;fdtstpw;Fk; fdtsitAk; KOikahf

guk;Gtjpy;iy. milf;Fk;.

mKf;fg;gLk; mKf;fg;gLjy; mKf;fg;gLjy; ngUkstpy; mKf;fg;glf;

jfT kpfTk; fbdk; kpfTk; fbdk; $baJ

mlu;j;jp cau; ngWkhdk; cau; ngWkhdk; Fiwe;j ngWkhdk;

/g cm-3 cilaJ. cilaJ. cilaJ.

,Uk;G ePu; Ijurd;

(7.874 g cm-3) (0.997 g cm-3)  (0.071 g cm-3)

Fwpg;G: jputkhdJ nfhs;fyj;jpd; tbtj;ij Vw;gjhf ehk; $Wfpd;Nwhk;. mj;Jld;

,t;tbtk; ngwg;gLtJ Vd; vd ehk; Nahrpf;fpd;Nwhk;. toikahf> ve;jnthU

nghUSk; ,iltpirfs; Nghd;w ntt;NtW tif tpirfshy; ,Of;fg;gLfpd;wd.

,jdhNyNa tbtk; ,t;thW mikfpd;wJ. KfitapYs;s rpwpJ jug;gl;l njhif

(fdtsT) ePuhdJ Nkw;gug;gpOtpirahy; tbtikf;fg;gLfpd;wJ. jputj;jpdpilNa

%yf;$w;wpil tpirfspd; tpisthf Nkw;gug;gpd; rpwpa cl;FopT tisT

Vw;gLfpd;wJ. Kfitapd; Rtu;fspd; tpirfs; mjd; kPJ mjs;Sfpd;wd. mj;Jld;

GtpaPu;g;G tpirahdJ Nkw;gug;G ,OtpirapYk; cau;thf miktjhy; mjidf;

fPo;Nehf;fp ,Of;fpd;wJ.  MfNt jl;ilahd Nkw;gug;Gld;  Kfitapd; tbtj;ijg;

ngWfpd;wJ. vy;yh NtWgl;l tpirfspidj; jpUg;jpahf;Ftjw;fhf ,J Vw;gLfpwJ.

vt;thwhapDk; Nkw;gug;gpOtpir ahdJ GtpaPu;g;G tpirapYk; cau;thf

mike;jpUf;Fkhapd; nfhs;fyj;jpd; tbtj;ij Vw;Fk;NghJ Nkw;gug;Gj; jl;ilahf

mikahJ. GtpaPu;g;G ,y;iy vd vLj;Jf; nfhz;lhy; Nkw;gug;gpOtpir

kpfTau;thFk;. ,jdhy; Nkw;gug;gpd; xt;nthU gFjpAk; KbAkhdtiu Nkw;gug;gpy;

kpFjpAld; kpf neUf;fkhf mikAk;. ,J mtw;wpw;F ,ilapyhd tpirfisf;

Fiwf;f KaYk;. jug;gl;l fdtstpd; Nkw;gug;igf; Fiwg;gjw;Ff; Nfhstbtj;ij

mDkjpf;Fk;. Vnddpy; ,t;tbtNk jug;gl;l xU fdtstpw;Ff; Fiwe;j

Nkw;gug;gpid cilajhFk;.

rlj;jpd; xU Fwpg;gpl;l epiyahdJ> ntg;gkhf;fy; my;yJ Fspu;r;rpahf;fy; %yk;

gpwpnjhU epiyf;F khw;wg;glKbAk;. ntg;gepiyapy; mjpfupg;ghdJ Jzpf;iffspd;

mirtpy; tpiuthd mjpfupg;Gld; Jzpf;iffspd; ,ilj;J}uj;ij cau;j;JtJk; epiy

khw;wj;jpw;F toptFf;Fk;. ,tw;wpypUe;J ntg;gepiy mjpfupg;ghdJ jpz;kepiyg;
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jpz;kk;

jputk;

jputk;

thA
gjq;fkhjy;

gbthjy;

cUfy; Mtpahjy;

jpz;kkhf;fy;

 (ciwjy;)

jputkhf;fy;

(xLq;Fjy;)

gjhu;j;jq;fisj; jputepiyf;Fk; jputepiyg; gjhu;j;jq;fis thAepiyf;Fk; khw;Wk;.

ntg;gepiy FiwthdJ ,jd; vjpu; epfo;itj; jUk;. cU 1.2 MdJ rlj;jpd; epiyfs;

jkf;fpilNa vt;thW khw;wg;gLfpd;wd vd;gij ntspf;fhl;Lfpd;wJ.

cU 1.2  rlj;jpd; epiyfl;F ,ilapyhd khw;wPLfs;

  cjhuzk;;  1.1

rlj;jpd; ve;epiyapy; Jzpf;iffs; mjpfsT njhLifapy; ,Uf;Fk;. Mdhy;

vOkhw;whf xOq;fikf;fg;gl;bUf;Fk;?

  tpil:

jput epiy

ml;ltiz 1.1 ,d; cjtpAld; rlg;nghUl;fspd; %d;W epiyfisAk; ehk;

tpgupf;Fk;NghJ> Jzpf;iffspd; ,af;fKk; xOq;fikg;Gk;  mbg;gilahff; nfhs;sg;gLk;.

rpwg;ghf> xU clyj;jpd; (Body) ntg;grf;jpahdJ mjd; mZf;fspd; / %yf;$Wfspd;

,af;fj;jhy; vOtjhFk;. mj;Jld; gjhu;j;jj;jpd; ntg;gepiyf;F Neu;tpfpj rkkhFk;.

MfNt mJ rlj;jpd; ruhrup ,af;fr; rf;jpia msg;gJld; Jzpf;iffspd; ,af;fk;

my;yJ ntg;gtpaf;fj;jpw;Fk; nghWg;ghdjhFk;.

ehq;fs; Vw;fdNt mwpe;jikf;F ,zq;f %yf;$w;W ,iltpirfs; mtw;iw mizf;f

itf;fpd;wd. Mdhy; ntg;grf;jpahdJ %yf;$Wfisj; js;sp itf;fpd;wJ. MfNt

rlj;jpd; %d;W epiyfSf;Fk; fhuzkhdJ %yf;$w;W ,iltpirfSf;Fk; %yf;$Wfspd;

ntg;grf;jpf;Fk; ,ilNaahd tpisNtahFk;.

%yf;$w;W ,iltpirfs; kpf eype;jpUg;gJld; ntg;gepiyiaf; Fiwg;gjd; %yk;

ntg;grf;jpiaf; Fiwf;fhJtpbd; %yf;$Wfs; jputkhf;fg;gLk; my;yJ jpz;kkhf;fg;gLk;

Nghf;fpidf; fhl;lkhl;lhjdthFk;. mKf;fg;gLtjdhy; kl;Lk; xU thAitj; jputkhf;f

KbahJ. ,Ue;jNghJk; %yf;$Wfs; xd;Wld; xd;W kpf neUq;FtJld; %yf;$w;W

,iltpirfs; cau;thd mstpy; njhopw;gLk;.  vt;thW ,Ug;gpDk; ntg;gepiyiaf;

Fiwg;gjd; %yk; ntg;grf;jp Fiwf;fg;gLk;NghJ thAf;fisj; jputkhf;fy; kpf

,yFthFk;. ,e;elj;ijfs; cU. 1.3 %yk; tpsf;fg;glKbAk;. ,q;F rlg;nghUl;fspd;

%d;W epiyfspy; njhopw;gLk;  %yf;$w;W ,iltpirfs; kw;Wk; ntg;grf;jp kPs;elj;ij

Ald; tpsq;fpf; nfhs;s KbAk;.
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cU 1.3: rlj;jpd; %d;W epiyfspd; %yf;$w;W ,iltpirfSld;

ntg;grf;jpf;F vjpuhd elj;ijfs;

ehk; Vw;fdNt rlj;jpd; %d;Wepiyfspd; ntspg;ghl;bidf; fw;Ws;Nshk;. ,g;NghJ

thAepiygw;wpAk; rlj;jpd; ,e;epiy njhlu;ghd elj;ijfisf; nfhz;Lelhj;Jk; tpjpfs;

njhlu;ghfTk; ehk; NkYk; fw;Nghk;.

1.2 thA epiy

gjhu;j;jq;fs;> rhjhuz ntg;g mKf;f epge;jidfspy; thAepiyapy; ntspg;gLk;

elj;ijfs; njhlu;ghf vkJ ftdj;ijr; nrYj;JNthk;.

ml;ltiz 1.1 ,y; tpgupj;j gpd;tUk; ngsjpf ,ay;Gfs; njhlu;ghd thAepiyapd;

elj;ijfs;.

 thAf;fs; cau;thd mKf;fg;gLk; jfTf;Fupad.

 thAf;fs; vy;yhj;jpirapYk; rkkhf mKf;fj;ij ntspg;gLj;Jtd.

 jpz;kq;fs;> jputq;fSld; xg;gpLk;NghJ kpfTk; Fiwe;j mlu;j;jpAilad.

 thAf;fspd; fdtsT kw;Wk; tbtk; vd;gd jpl;lkw;wit.

 fdtsT> tbtk; vd;gd nfhs;fyj;jpdjhFk;.

 vt;nthU nghwpKiw cjtpAkpd;wp thAf;fs; Kw;whfTk; rkkhfTk; fyf;ff;

  $bad.

thAf;fspd; %yf;$w;wpil ,iltpirfs; Gwf;fzpf;fj;jf;fd vDk; cz;ikapd;

mbg;gilapy; mtw;wpd; vspikj;jd;ik mikfpwJ. gupNrhjidfs; %yk; fz;lwpag;gl;l

xNu thAtpjpfspdhy; mtw;wpd; ,ay;Gfs; nfhz;L elhj;jg;gLfpd;wd. ,t;thA tpjpfs;

thAf;fspd; msf;fg;glf;$ba ,ay;Gfspd; ,ilNa Neubahfj; njhlu;Gfs; cilad.

,t;tpay;Gfs; rpytw;wpy;> mKf;fk;> fdtsT> ntg;gepiy kw;Wk; msT (amount)

my;yJ jpzpT Nghd;wit kpfKf;fpakhdit. Vnddpy; ,q;F tpgupf;fg;gl;l thAepiyapd;

khwpfl;F ,ilapy; njhlu;GfSz;L. ,k;khwpfs; jkf;F ,ilNa xd;wpnyhd;W

rhu;e;Js;sik thAtpjpfisj; njhLf;f topNfhypd.

%yf;$w;wpil tpir $Lk;

thA

thA

ntg;grf;jp FiwAk;

jputk;

jputk;

jpz;kk;

jpz;kk;
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1.2.1 thA tpjpfs;

ehq;fs; fye;jiuahLfpd;w thAtpjpfshdit gy;NtW tpQ;Qhdpfshy; thAf;fspd;

ngsjpf ,ay;G njhlu;ghf  Nkw;nfhs;sg;gl;l gupNrhjidfspd; KbTfshFk;. mKf;fk;>

fdtsT> ntg;gepiy kw;Wk; thAf;fspd; njhif Nghd;w khwpfSf;fpilNaAs;s

njhlu;Gfisf; fUJtJld; mjpypUe;J ngwg;gl;l KbTfs; rlj;jpd; thAepiy njhlu;ghfg;

ngUksT jfty;fs; kdpjUf;F cjtpahf> jpUk;gTk; cjTk;.

,yl;rpa thA kw;Wk; ,yl;rpa thAr;rkd;ghL

thA %yf;$WfspilNa %yf;$w;W ,iltpirfs; fhzg;gltpy;iy vdf; fUJk;NghJ

mj;jifa thAf;fs; ,yl;rpa thAf;fs; vd miof;fg;gLk;. mjhtJ ,yl;rpa thAf;fs;

jkf;fpilNa ftu;r;rpfisNah my;yJ js;SiffisNah ntspg;gLj;Jtjpy;iy. ,jw;F

Nkyhf> nfhs;fyj;jpd; fdtsTld; xg;gpLk;NghJ ,yl;rpa thAj; Jzpf;iffspd;

fdtsT Gwf;fzpf;fj;jf;fJ vdf; fUjg;gLk;.

jdpntg;gepiy (T), mKf;fk; (P), fdtsT (V) mj;Jld; njhif (n %y;fs;) vDk;

fhuzpfs; thAf;fspd; elj;ijiag; ghjpg;gdthFk;. jho;e;j mKf;fq;fs; P, T, V kw;Wk;

n Mfpatw;wpd; njhlu;ghdJ gpd;tUk; ntspg;ghl;lhy; mikAk; vd thAf;fspd; kPJ

vLf;fg;gl;l ngUk; vz;zpf;ifahd mstPLfs; fhl;Lfpd;wd.

PV = nRT

,J ,yl;rpa thAr; rkd;ghL vd mwpag;gLtJld; ,q;F R vd;gJ xt;nthU thAf;fl;Fk;

xNu mstpdjhd thA khwpyp R vd mwpag;gl;Ls;sJ. jug;gl;l ntg;g> mKf;fepiyapy;

Nkw;gb njhlu;Gf;F mika xOFk; ve;jnthU thATk; ,yl;rpa thA vd mwpag;gLk;.

,k;khwpyp R MdJ xU %y; xU ,yl;rpa thAtpw;F 0 0C, 1 atm fPo; cs;s epge;jidapy;

fzpf;fg;glKbAk;. (0 0C  kw;Wk; 1 atm  ,y; xU %y; thAtpd; fdtsT 22.414 dm-3)

-3 3
-1 -1101325 Pa 22.414 10 m

 8.314 J K mol
1 mol 273.15 K

PV
R

nT

 
 



,yl;rpa thAr; rkd;ghlhdJ ehd;F khwpypfl;F ,ilapyhd njhlu;igj; jUtJld;

vt;thAtpdJk; epiyiaAk; ,J tpgupf;fpd;wJ vdTk; ehk; fhzKbAk;. MfNt ,J

epiyr;rkd;ghL (equation of state) vdTk; miof;fg;gLfpd;wJ.

,yl;rpa thAr;rkd;ghl;bid mbg;gilahff; nfhz;l fzpj;jy;

,yl;rpa thAr;rkd;ghlhdJ  jug;gl;l xU thAtpd; fdtsT> mKf;fk;> ntg;gepiy

kw;Wk; %y;fs; Nghd;w fzpaq;fspy; VjhtJ xd;wpid kw;iwa %d;W jug;Gfs;

jPu;khdpf;f vk;ik mDkjpf;fpd;wJ. thAtpd; milahsk; njupe;jpUg;gpd; mjd; jpzpitg;

gad;gLj;jp %yu;jpzpitAk; ehk; fzpf;fKbAk;. NkYk; ,jidg; gad;gLj;jp mjd;
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mlu;j;jpiaAk; jPu;khdpf;f KbAk;. kpf Kf;fpakhf kdjpy; nfhs;sNtz;baJ ahnjdpy;

,yl;rpa thA khwpypapd; ngWkhdj;jpw;F Vw;wjhd myFfspy; kw;iwa fzpaq;fspd;

myFfs; mikaNtz;Lk;.  toikahf mKf;fkhdJ atm, Pa, bar, torr Nghd;w gy;NtW

myFfspy; ntspg;gl KbAk;.  vdNt ,j;jifa gpurd;dq;fspy; ml;ltiz 1.2 ,y;

jug;gl;l mKf;f khw;wPLfs; cjtpahf mikAk;.

ml;ltiz 1.2 mKf;f myFfs;

cjhuzk; 1.2

xU thA cUisahdJ 0.950 d m3 fdtsitAilaJ. ,t;TUisahdJ mKf;fj;jpd;

fPo; jputg; Gwg;Ngdhy; (C
3
H

8
) epug;gg;gl;Ls;sJ. cUis fhypahFk;NghJ  rpwpJ

Gwg;Ngd; thA kPjpia tspkz;ly mKf;fj;jpYk; ntg;gepiyapYk;  nfhz;Ls;sJ.

(i) #oy; tspkz;ly epge;jidfs; 25 0CAk;  750 torr ck;  Mf (1torr = 133.32 Pa)
mikAkhdhy; cUis fhypahFk;NghJ vQ;Rk;  Gwg;Ngd;  thAtpd; %y;fs;

ahJ?

(ii) cUisapy; vQ;rpAs;s Gwg;Ngdpd; jpzpT ahJ

(iii) cUisapy; vQ;rpAs;s Gwg;Ngdpd; mlu;j;jp ahJ?

tpil:

(i) Kjypy; jug;gl;l jfty;fisr; RUf;fkhf;Ff.

ntg;gepiy> T = (25+273)K = 298 K

mKf;fk;> P = 750 torr 133.32 Pa/1 torr = 99990 Pa.

fdtsT> V = 0.950 dm3 = 0.950  10m3

mwpag;glhjJ n

PV = nRT I gad;gLj;Jf.

3 3

-1 -1

99990 Pa 0.950 10 m
0.038 mol

8.314 J K mol 298 K

PV
n

RT

 
  



(ii) Gwg;Ngdpd; %yu;j;jpzpT (C
3
H

8
) = 44 g mol-1

jpzpT = 0.038 mol 44 g/1 mol = 1.672 g

(iii) mlu;j;jp = jpzpT / fdtsT = 1.672 g / 0.950 d m3 = 1.76 g d m-3
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ehk; Nkw;Fwpj;j cjhuzj;ijf; fUJk;NghJ> ,yl;rpa thAr; rkd;ghl;bid ntt;NtW

tbtq;fspy; ntspg;gLj;Jtjpy; vspa khw;wq;fis mjpy; nra;tjpd; %yk; jpzpT

kw;Wk; mlu;j;jpia kjpg;gpLtjw;Ff; fPNo fhl;batz;zk; Nkw;nfhs;syhk;.

ehk; mjid Muk;gpj;jhy;> PV = nRT, ,jidg; gpd;tUkhW vOjyhk;.

n
P RT

V


/ P = CRT

,q;F C MdJ nrwpthFk;.

mj;Jld; NkYk; PV = nRT MdJ
m

PV = RT
M

,q;F m MdJ jpzpTk; M MdJ thAtpd; %yu;jpzpTk; MFk;. NkYk; ,jidg;

gpd;tUkhWk; vOjyhk;.

1 m
P RT

M V

 
  

 

  
dRT

P =
M

d MdJ mlu;j;jp  mj;Jld; 
m

d
V



,t;tbg;gilapy;> Fwpg;gpl;l epge;jidfspd; fPo; ,yl;rpa thAr; rkd;ghl;bypUe;J

NtW gy thAtpjpfs; ngw;Wf; nfhs;syhk;.

1.2.2 nghapypd; tpjp (mKf;fk; - fdtsTj; njhlu;G)

mjhtJ ~~xU Fwpj;jnjhif (jpzpT) thAtpy; mKf;fkhdJ khwh ntg;gepiyapy;

fdtstpw;F Neu;khwhf mikAk;”.  ,J 17k; E}w;whz;Lf;Fupa xU mau;yhe;J

tpQ;Qhdp nwhngl; nghapy; vdgtuhy;> xU thAtpd; mKf;fk; khwh ntg;gepiyapy;

vt;thW fdtsTld; khWfpwJ vdf; fw;wy; %yk; mwpag;gl;ljhFk;. vdNt ,J

nghapypd; tpjp (1627 - 1691) vdg;gLk;.

1
    

k
P P

V V
 my;yJ >  k xU khwpyp

,yl;rpathAr; rkd;ghl;bypUe;J nghapypd; tpjp gpd;tUkhW ngwg;gLk;.

PV = nRT
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thAtpd; njhif kw;Wk; ntg;gepiy khwhJ itf;fg;gbd; nT xU khwpyp.

R ck; xU khwpypahjyhy; nRT = k (xU khwpyp).

/ PV = k.

,jpypUe;J fUjg;gLtJ “khwhntg;gepiyapy; fdtstpdJk; mKf;fj;jpdJk;

ngUf;fkhdJ xU Fwpj;j njhif thAtpw;F xU khwpypahFk;”. ,J nghapypd;

tpjpia ntspg;gLj;Jk;; NtnwhU topahFk;.

xU Fwpj;jnjhif thAtpw;F khwh T apy; fdtsT V
1
 ,id milg;gJld; mKf;fk;

P
1
 ,ypUe;Jk; fdtsT V

2
 ,w;Fk; mKf;fk; P

2
 ,w;Fk; khw;wg;gLk;NghJ nghapypd;

tpjpapypUe;J

P
1
V

1
 = P

2
V

2

cU 1.4 fhl;LtJ ,U kuG topapyhd tiuGfs; nghapypd; tpjpiag; gpujpepjpg;gLj;Jgit

MFk;. cU 1.4a vd;gJ PV = k ,d; ntt;NtW ntg;gepiyapyhd tiuGfis

xg;gpLtjhFk;. xt;nthU tiugpYk; k ,d; ngWkhdk; NtWgLfpd;wnjdpy; xU jug;gl;l

jpzpTila thAtpw;F ,J ntg;gepiyAld; kl;Lk; khWgLk;.  cau; ntg;gepiyfspy;

fdtsT tpuptiltjhy; tiuGfs; Nky;Nehf;fp cau;j;jg;gLfpd;wd vd;gJ Fwpg;gplj;jf;fJ.

NkYk; xU Fwpj;j ntg;gepiyapy; fdtsT ,Uklq;fhapd; mKf;fk; miug;gq;fhtJk;

ftdpf;fg;gly; Ntz;Lk;.

cU. 1.4 khwh ntg;gepiyapy; mKf;fkhdJ KiwNa (a) fdtsT (V) clDk;

(b) 1/V clDk; khwy;fs;

cU 1.4b P vjpu; 1/V tiuigg; gpujpepjpj;Jtg;gLj;JfpwJ. ,J Xu; cw;gj;jpapD}L

nry;Yk; Neu;NfhL. (vt;thW ,Ug;gpDk; cau; mKf;fk; thA nghapypd; tpjpapypUe;J

tpyFtJld; Neu;Nfhlhf miktjd; KbT md;W.) nghapyhy; Nkw;nfhs;sg;gl;l

gupNrhjidfspypUe;J ,t;tiuGfs; ngwg;gl;ld. thAf;fs; mKf;fg;gLk; jfT

cau;thdit vdTk; msTuPjpapy; fhl;lg;gLfpd;wJ.  Vnddpy; xU Fwpj;j jpzpT

thA mKf;fg;gLk;NghJ mNj vz;zpf;ifahd %yf;$Wfs; xU rpwpa ,lj;jpy;

mlf;fg;gLfpd;wd. ,J fUJtJ ahnjdpy; thAf;fs; cau; mKf;fj;jpy; $basT

mlu;j;jpAiladthFk;.

m
K
f
;f
k
;

m
K
f
;f
k
;

fdtsT
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(Fwpg;G: fdtsT V I milf;fpw xU Fwpj;j jpzpT m>

thA thAtpd; mlu;j;jp d MdJ  vd ehk; mwpNthk;.

MfNt   vd vOjKbAk;.

cjhuzk; 1.3

Fwpj;j xU njhif thAtpd; fdtsthdJ khwhntg;gepiyapy;  ,Uklq;fhf;fg;gbd;;

mjd; mKf;fj;jpy; Vw;gLk; khw;wj;ijf; fzpf;Ff.

V
1
 = V ,     V

2
 = 2V,       P

1
 = P, P

2 
 =  ?

nghapypd; tpjpiag; gpuNahfpg;gpd;  P
1
V

1
 = P

2
V

2

P V = P
2
  2V

2
2

P
P   Gjpa mKf;fkhdJ Muk;gj;jpd; miuklq;fhFk;.

cjhuzk; 1.4

xU gY}dhdJ miwntg;gepiyapy; xU Fwpj;j njhif thAthy; epug;gg;gl;Ls;sJ.

tspkz;ly mKf;fj;jpy; (100 kPa) thAthdJ milf;fpd;w fdtsthdJ 2.50 d m3

MFk;. mNj ntg;gepiyapy; 20 kPa mKf;fj;ij cs;Ns milAk; tiu gY}dhdJ

vd;d fdtsTf;F tpuptila KbAk;?

P
1
 = 100 kPa      P

2
 = 20 kPa       V

1
 = 2.5 d m3      V

2
 = ?

nghapypd; tpjpiag; gpuNahfpf;Fk;NghJ   P
1
V

1
 = P

2
V

2

100 kPa  2.5 dm3 = 20 kPa  V
2

/ V
2
 = 12.5 d m3

gY}dhdJ 12.5 d m3 tiu epug;gg;gl KbAk;.

1.2.3 rhs;rpd; tpjp (ntg;gepiy fdtsTj; njhlu;G)

[hf;Fap]; rhs;]; kw;Wk; N[hrg; NfY}rhf;fpd; fz;Lgpbg;Gfshy; xU Fwpj;j njhif

(jpzpT) thAtpw;F khwh mKf;fj;jpy; fdtsT ntg;gepiy mjpfupg;Gld; mjpfupf;fpd;wJ.

Fsputplg;gLk;NghJ Fiwfpd;wJ. xt;nthU ghif ntg;gepiy khw;wj;jpw;Fk; 00C

apYs;s fdtstpd;  klq;fpdhy; thAtpd; fdtsT khWgLk;. (mjpfupg;G my;yJ

FiwT) 00C apYk;  t 0C apYk; fdtsT V
0
 kw;Wk; V

t
 MfTkhf mikayhk; vdf;

nfhs;f. vdpd; ehk; gpd;tUkhW vOjKbAk;.

0 0 0 0

273.15
1

273.15 273.15 273.15
t

t t t
V V V V V

     
         

     



                  f.ngh.j.(c/j) ,urhadk;: myF 4   rlj;jpd; thA epiy

12

,e;epiyapy;> ntg;gepiyf;F xU Gjpa myF tiuaWf;fg;gl;lJ.  Gjpa myfpy; t 0C

vd;gJ T
0
=273.15 + t mj;Jld; 0 0C vd;gJ T

0
 = 273.15 vdj; jug;gLk;. Gjpa ntg;gepiy

myfhdJ nfy;tpd; ntg;gepiy myF (K) my;yJ jdpntg;gepiy myF vd

miof;fg;gLk;. -273.15 0C vd;gjid ntg;g,af;ftpay; uPjpapy; g+r;rpak; vd

tiuaWf;fg;gLtJld; ,JNt nfhs;ifastpy; milaf;$ba ,ope;j ntg;gepiyahFk;.

,t;ntg;g myfpidg; gpuNahfpf;Fk;nghOJ>

ehk; ,j;njhlu;ig  0

273.15

273.15
t

t
V V

 
  

 
 vd kPs vOjKbAk;.

,jid 
1 1

2 2

V T

V T
  vd kPsikf;f KbAk;.

1

1

  
V

T
 khwpyp

my;yJ

V = kT

MfNt “Fwpj;j xU jpzpTila xU thAtpw;F khwh mKf;fj;jpd; fPo; mjd; fdts

thdJ jdp ntg;gepiyf;F Neu;tpfpjrkdhFk;” ,J rhs;];rpd; tpjp vd miof;fg;gLk;.

NkYk;> ,yl;rpa thAr;rkd;ghl;bidg; gad;gLj;jp xU Fwpj;j jpzpTila thATf;F

khwh mKf;fj;jpd; fPo; thAtpd; fdtsTkPJ ntg;gepiyapd; jhf;fj;jpidf; fw;f

KbAk;.

,yl;rpa thAr;rkd;ghl;ilg; gpd;tUkhW kPs;mikf;f KbAk;.

PV = nRT

V   = nRT/P

Fwpj;j jpzpTila thAtpw;F mKf;fk; khwhjpUf;Fk;NghJ

nR

P
 = khwpyp

 /  VT  my;yJ  V = kT

rhs;];rpd; tpjpapypUe;J> vy;yh thAfl;Fk; jug;gl;l vt;nthU mKf;fj;jpYk; fdtsT

vjpu; ntg;gepiy (nry;rpa];) tiughdJ xU Neu;NfhlhfTk; ,jidg; g+r;rpaf;

fdtsTf;F ePl;Lk;NghJ xt;nthU NfhLk; ntg;gepiy mr;rpid -273.15 0C apy; ntl;Lk;.

ntt;NtW mKf;fq;fl;F tiugpd; NfhLfspd; rha;Tfs; NtWgbDk; g+r;rpa fdtstpy;

vy;yhf; NfhLfSk; ntg;gepiy mr;rpid -273.15 0C my;yJ 0 K apy;  re;jpg;gijf;

fhzyhk;.
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f
d
t
s
T

ntg;gepiy

ntg;gepiy mr;rhdJ nfy;tpd; K ,y;  Fwpf;fg;gbd; NfhLfs;  0 K apy;  re;jpf;Fk;

cU 1.5.

cU 1.5 khwh mKf;fj;jpy; ntg;gepiy njhlu;ghd fdtsT tiuG

cjhuzk;: 1.6

mwpe;j njhif %y;fis cila xU thAtpw;F khwh mKf;fj;jpy; fdtsT

Kk;klq;fhf;fg;gLk; NghJ ntg;gepiy khw;wj;ijf; fzpf;Ff.

V
1
 = V          V

2
 = 3V          T

1
 = T          T

2
 = ?

V
1
/ V

2
 = T

1
/T

2

V/3V = T/T
2

    T
2
 = 3T

NkYk; ,jid NeubahfTk; kjpg;gplyhk;. fdtsthdJ nfy;tpd; ntg;gepiyf;F

(T) Neu; tpfpj rkkhtjhy;  Gjpa ntg;gepiyahdJ Muk;g ngWkhdj;jpd;

Kk;klq;fhfhFk;. mjhtJ 3T.
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0

273.15

273.15
t

t
V V

 
  

 
  vDk; rkd;ghl;bidf; fUj;jpw; nfhs;f.

mj;Jld; t = -273.15 vdg; gpujpapLf. ,q;F thAtpd; fdtsT g+r;rpaj;jpw;Fr; rkk; vd

ehk; ngWk;NghJ mjd; fUj;J thAthdJ fhzg;gLtjpy;iy vd;gjhFk;. ,jpypUe;J

ntg;gepiyia milAk; Kd;Ng thAthdJ jputkhf;fg;gl;LtpLk; vd ehk; tpsq;fpf;

nfhs;sKbAk;. kpff; Fiwe;j> vLNfhs; my;yJ fw;gid ntg;gepiyapy; thAf;fs;

g+r;rpa fdtsit milf;Fkhf ,Ue;jhy; mJ jdpg;g+r;rpa ntg;gepiy vd miof;fg;gLk;.

vy;yh thAf;fSf;Fk; jho;mKf;fj;jpy; cau; ntg;gepiyapYk; rhs;rpd; tpjpf;F mikAk;.

cjhuzk;: 1.6

XU gY}dhdJ xU Fwpj;j njhif thAthy;  epug;gg;gLtjd; tpisthff; fdtsT

2 d m3 Mf 23 0C apy; cz;L. mNj Muk;g mKf;fj;jpy; ntg;gepiy 27 0Cf;F
cau;j;jg;gbd; thAtpd; fdtsitf; fzpf;Ff.

T
1
 = 23 + 273  = 296 K     T

2
 = 27 + 273  = 300  K       V

1
 = 2.0 d m3        V

2
 = ?

khwh mKf;fj;jpy; rhs;];rpd; tpjpiag; gpuNahfpf;Fk;NghJ>

1 2

1 2

V V

T T


3
22.0 dm

296 K 300 K

V


3
2 2.03 dmV 

MfNt fdtsT khw;wk; 0.03dm3

1.2.4 mtfhjNuh tpjp (njhif - fdtsTj; njhlu;G)

nghapypdJk; rhs;];rpdJk; tpjpfspd; mgptpUj;jpfspidj; njhlu;e;J 1811 ,y;> ,j;jhypa

tpQ;Qhdp mkjpah mtfhjNuh vd;gtu; xU thAtpd; njhif kw;Wk; fdtsT njhlu;ghd

KbTfis mizf;f Kad;whu;. ,jpypUe;J mtfhjNuhtpd; tpjp vd mwpag;gLk; Gjpa

fUJNfhs;fis Kd;itj;jhu;. xNu ntg;g mKf;f epge;jidfspd; fPo; rkfdtsT

thAf;fs; ahTk; rk vz;zpf;ifahd %y;fisf; nfhz;bUf;Fk; vd mJ $WfpwJ.

mjhtJ V n  my;yJ V = kn vd ehk; vLf;f KbAk;. xU %y; thAtpy; 6.022  1023

vz;zpf;ifahd %yf;$Wfs; mikAnkdj; jPu;khdpf;fg;gl;lJld; ,J mtfhjNuh

khwpyp vdTk; mwpag;gl;lJ (N
A
 my;yJ A vd Fwpg;gplg;gLk;)
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,yl;rpathA tpjpfspd; cjtpAld; mtfhjNuhtpd; tpjpia ,yFthfg; gpd;tUkhW

tpsq;fpf; nfhs;s KbAk;.

nRTPV 

n
P

RT
V 

A A

RT N RT
V N

P N PN
   

,q;F N kw;Wk; 
AN  vd;gd KiwNa thA %yf;$Wfspd; vz;zpf;ifAk; mtfhjNuh

khwpypAkhFk;. xNu ntg;g> mKf;f epiyikfspy; rkfdtsTfs; cila  P kw;Wk;

Q Mfpa thAfl;F Nkw;gb njhlu;Gfisg; gpuNahfpf;Fk; NghJ>

PP N
PL

RT
V 

QQ N
PL

RT
V 

khwh P, khwh T apy; ehk; vLf;f KbAk;. (R kw;Wk; N
A
 khwpypfshjyhy;)

Q

P

Q

P

N

N

V

V


vspikahff; $wpdhy;>  xU thAtpw;F khwh mKf;fk; kw;Wk; ntg;gepiyapy;

fdtsthdJ thAf;fspd; %y; vz;zpf;iff;F Neu;tpfpj rkkhFk;.

V   n  (mtfhjNuhtpjp)

Nkw;$wpatw;iwf; fye;JiuahLtJ  thA tpjpfis tpsq;fpf; nfhs;s cjtpahtJld;

fdtsT V I cila jug;gl;l thAtpw;F ,yl;rpa thAr; rkd;ghl;bw;F ,yl;rpa

thAr;rkd;ghl;bidg; ngwTk; cjTk;.

nghapypd; tpjp:
P

V
1

    : 1

1
V k

P
  --------------- (1)

rhs;rpd; tpjp: TV    : 2V k T  ----------------- (2)

mtfhjNuhtpd; tpjp: nV      : 3V k n  ------------------ (3)

/ ehk; ,jid 1 2 3

nT
V k k k

P
  vd vOj KbAk;.

  
nT

V
P



 
PV

k
nt



      Vnddpy; k = R

      / nRTPV 
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1.2.5 %yu;f; fdtsT (V
m
)

xU thAtpd; fdtsT %y; vz;zpf;iff;F Neu;tpfpjrkkhjyhy;>

m

V
V

n


mKf;fKk; ntg;gepiyAk; xNuasthf mikAk;NghJ xt;nthU thAtpdJk; xU %y;

MdJ xNu fdtsT V
m
 I nfhz;likAk; mJ gpd;tUkhW fzpf;fg;gLk;.

m

RT
V

P


MfNt epakntg;gmKf;fepiyapy; (STP) vt;th thAtpdJk; V
m
 MdJ xNu

fdtsthfNt mikAk;. epak ngWkhdj;jpw;F ,U njhFjp epge;jidfisg;

gpuNahfpf;fyhk;.

   xd;W> epakntg;gepiy kw;Wk; mKf;fj;jpy; (STP) my;yJ  ,q;F 273.15K(00C)
ntg;gepiy  kw;Wk;  1 bar (mjhtJ 100 kPa ,y;) mKf;fk;  STP apy;  xU
,yl;rpa thA ,yl;rpa  thAf;fspd;  Nru;khdj;jpw;F  %yu;f;fdtsthdJ
22.414  d m3mol-1.

   ,uz;lhtJ> tiutpyf;fzj;jpy;> ,e;epge;jidfs;;  epak Rw;Wg;Gw ntg;gepiy
25 0C (298.15 K) vd vLf;fg;gLtJld; mKf;fk; 100 kPa (SATP) ck; MFk;.
,t;tifapy; xU thAtpd; %yu;f;fdtsT 24.790 d m3mol-1 MFk;. SATP apy;

%yu;f;fdtsT θ
mV  vd Fwpf;fg;gLk;.

Fwpg;G: mtfhjNuhtpjpapypUe;Jk;> xU thAtpd; %yu;j;jpzpT M MdJ
 mlu;j;jp d f;F Neu;tpfpjrkk; vd ehk; fhzKbAk;.
  V = kn = k(m/M), MfNt M = k(m/V) = kd.

cjhuzk; 1.7

298 K ,Yk; 1atm mKf;fj;jpYk; He thAtpd; %yu;f;fdtsitf; fzpf;Ff.

,jid 298 K ,Yk; 1atm mKf;fj;jpYk; Ne thAtpd; %yu;f;fdtsTld; xg;gpLf.

P
He

 = 1 atm = 101325 Pa, V
He

 = ?,  T
He

 = 298 K,  n
He

 = 1.00 mole

P
He

V
He

 = n
He

RT
He

V
He

 = n
He

RT
He 

/ P
He

          
= (1mol  8.314 J K-1 mol-1  298 K) / 101325 Pa = 2.44  10-2 m3

P
Ne

 = 1 atm = 101325 Pa, V
Ne

 = ? , T
Ne

 = 298 K, n
Ne

 = 1.00 mole

P
Ne

V
Ne

 = n
Ne

RT
Ne

  
V

Ne 
= n

Ne
RT

Ne 
/ P

Ne

            
= (1 mol  8.314 J K-1 mol-1  298 K) / 101325 Pa = 2.44  10-2 m3   = 2.44 d m3

mjhtJ xNu ntg;g mKf;f epiyapy;> ntt;NtW thAf;fspd; %y; vz;zpf;iffs;

rkkhdhy;> mit rk fdtsit milf;Fk;.
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1.2.6 ,ize;j thA tpjp

mKf;fk;> fdtsT kw;Wk; ntg;gepiy njhlu;ghf vy;yh thAf;fSk; xNu Kiwapy;

elg;gjdhy; njhifahdJ %y;fspy; msf;fg;gLnkdpy; ,yl;rpa thAf;Fg; gad;gL

Kiwapy; xU tpfpjkhf> xU Fwpj;j njhif thATf;;F mKf;fk;> ntg;gepiy kw;Wk;

fdtsT vd;gd (T
1
, V

1
, P

1
) ,ypUe;J (T

2
, V

2
, P

2
) f;F ntspg;gLj;j KbAk;.

,e;epiyapy; ehk; gpd;tUkhW vOjKbAk;.

Muk;g epge;jid:
1 1

1

PV
nR

T


,Wjp epge;jid:
2 2

2

PV
nR

T


         / 
2

22

1

11

T

VP

T

VP
   ,J ,ize;j thA tpjpahFk;.

cjhuzk;: 1.8

25 0C apYk; 760 mm Hg ,Yk; xU jug;gl;l njhif thAthdJ 600 cm3  fdtsit

milf;fpwJ. 10 0C apYk; 650 cm3 fdtstpYk; mjd; mKf;fk; ahjhFk;?

  (T
1
, V

1
) to (T

2
, V

2
,  P

2
) ehk; gpd;tUkhW vOj KbAk;

    P
1
 = 760 mm Hg = 1 atm = 101325 Pa, V

1
=  600 cm3 = 0.600 d m3,  T

1
 = 25 + 273 = 298 K

    V
2
 = 650 cm3 = 0.650 d m3, T

2
 = 10 + 273 = 283 K,  P

2
 = ?

    ,ize;jthA tpjpapypUe;J;    
2

22

1

11

T

VP

T

VP


    
33

2 0.650  101325 0.600  

298 283 

P d mPa d m

K K




     P
2 
 = 666.2 mm Hg  =  88823 Pa  = 88.823 k Pa

1.3 jhw;wdpd; (Dalton’s) gFjpaKf;f tpjp

ngUk;ghyhd gupNrhjidr; nraw;ghLfspy; jdpnahU thAthf ,y;yhJ thAf;

fyitfshfNt ehk; Kfq;nfhLf;fpd;Nwhk;. MfNt mikg;Gf;$W thAf;fspd; gq;fspg;ghy;

Vw;gLtJ mt;thAf;fspd; gFjpaKf;fq;fs; vd miof;fg;gLk;. ehk; Rthrpf;Fk; tspahdJ

gpujhd $Wfshf iejurd;> xl;rprd; thAf;fisf; nfhz;lJld; NtWtif thAf;fis

kpff; Fiwe;j msTfspy; nfhz;Ls;sJ. ,t;thAf;fs; ahTk; nkhj;j tspkz;ly
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mKf;fj;jpw;Fg; gq;fspg;Gr; nra;fpd;wd. mj;Jld; thAf;fyitnahd;wpd; mikg;Gf;$W

thAnthd;W jdpj;J mf;fdtsit milf;Fk;NghJ cQw;Wk; mKf;fk; mt;thAtpd;

gFjpaKf;fk; vd tiuaWf;fg;gLk;.

jk;Kl; jhf;fKwhj thAf;fyitnahd;iwf; fUJk;NghJ njhFjpapd; nkhj;j mKf;fkhdJ

mjd; mikg;G thAf;$Wfspd; jdpj;jdp gFjpaKf;fq;fspd; $l;Lj;njhiff;Fr; rkdhFk;.

thAf;fs; A, B, C iaf; nfhz;l fyitnahd;wpy; jdpj;jdp gFjpaKf;fq;fs;  KiwNa

P
A
, P

B
, P

C
 MFnkdpy; nkhj;j mKf;fk; P

T
 MdJ gpd;tUk; rkd;ghl;lhy; jug;gLk;.

P
T
 = P

A
 + P

B
, + P

C

,yl;rpa thAr;rkd;ghl;bypUe;J jhw;wdpd; gFjpaKf;ftpjpahdJ  gpd;tUkhW ngwg;glKbAk;.

A, B iaf; nfhz;l thAf;fyitnahd;wpy; mtw;wpd; %y;fs; KiwNa n
A
, n

B
 MfTk;

nkhj;j %y;fs; n
T
 vdTk; fUJf.

PV = nRT

thA A f;F      n
A
 = P

A
V/RT

thA B f;F     n
B
 = P

B
V/RT

thA fyitf;F n
T
 = P

T
V/RT

n
T
 = n

A
 + n

B

/  
RT

VP

RT

VP

RT

VP BAT 

RUf;Fkplj;J

P
T
 = P

A
 + P

B

,JNt jhw;wdpd; gFjpaKf;ftpjpahFk;.

1.3.1 %y;gpd;dk; njhlu;ghfg; gFjpaKf;fk;

ntg;gepiy T, thA A apd; %y;fs; n
A
, thA B f;F n

B
 vdTk; fdtsT V cila

nfhs;fydpy; epug;gg;gl;bUg;gjhff; nfhz;lhy; cQw;wg;gLk; gFjpaKf;fq;fs; KiwNa

P
A
, P

B
 MfTk; nkhj;j mKf;fk; P

T
 ck; vd;f.

A
A

n RT
P

V
  kw;Wk; 

B
B

n RT
P

V


jhw;wdpd; tpjpapd;gb  T A BP P P 
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Nkw;$wpatw;iwg; gpujpapl>

( )A B
T

n RT n RT RT
P nA nB

V V V
   

P
A
  , P

B
  apd; ntspg;ghLfisj; jdpj;jdpahf  P

T
  My; tFf;f

/

( ) / ( )
A A A

A

T A B A B

P n RT V n
X

P n n RT V n n
  

       X
A
 MdJ A apd; %y;gpd;dk;

,NjNghy;

/

( ) / ( )
B B B

B

T A B A B

P n RT V n
X

P n n RT V n n
  

  X
B
 MdJ B apd; %y;gpd;dk;

MfNt ,jid ehk; gpd;tUkhW vOj KbAk;

A A TP X P   ck;  B B TP X P   MFk;.

xU thAf;$nwhd;wpd; gFjpaKf;fkhdJ nkhj;j mKf;fj;jpdJk; mt;thAtpdJ

%y;gpd;dj;jpdJk; ngUf;fj;jpw;Fr; rkkhFk;.

cjhuzk;: 1.9

(i) xU thAf;fyitahdJ 0.8 mol iejurd; thA (N
2
), 0.2 mol  xl;rprd; (O

2
)  thA

vd;gtw;iw cilaJ. xU Fwpj;j ntg;gepiyapy;  njhFjpapd;  nkhj;j mKf;fk;

1.00 atm vdpd; thAf;fspd; gFjpaKf;fq;fisf; fzpf;Ff.

(ii) xU nfhs;fyk; ntgg;gNkw;wg;gLk;NghJ N
2 
 thA O

2
 thATld;  jhf;fKw;W NO

thAit cUthf;Fk;.  rkepiyapy;  nfhs;fykhdJ 0.7 mol N
2
 thA> 0.15 mol

O
2
(g)  kw;Wk; 0.1mol NO(g) it nfhz;Ls;sJ. N

2
(g) ,d; gFjp mKf;fk; 0.88 atm

vdpd; O
2
(g)  kw;Wk; NO(g) ,d; gFjp mKf;fq;fisf; fzpf;Ff.

tpil:

 (i)
22

2

2

ON

N

N
nn

n
X




molmol

mol
X N

2.08.0

8.0
2 


8.0
2
NX

TNN PXP
22



atmPN 00.18.0
2



atmPN 8.0
2


,Nj Nghd;W

2.0
2
OX
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 (ii)
2

2 2

2 2

0.7 0.7
  

0.7 0.15 0.1 0.95

N

N N

N O NO

n mol
X X

n n n mol mol mol
   

   

2

2 2

2

0.88 
   1.19 

0.7 / 0.95

N

N N T T

N

P atm
P X P P atm

X
    

2

2 2

2 2

2 2 2

0.15 0.15
  

0.7 0.1 5 0.1 0.95

0.15
  1.19 0.19 

0.95

O

O O

N O NO

O O T O

n mol
X X

n n n mol mol mol

P X P P atm atm

   
   

    

2 2

0.10 0.10
  

0.7 0.15 0.1 0.95

0.10
  1.19 0.12 

0.95

NO
NO NO

N O NO

NO NO T NO

n mol
X X

n n n mol mol mol

P X P P atm atm

   
   

    

/ 
2 2

0.88 ,   0.19 ,   0.12 ,   1.19 N O NO TP atm P atm P atm P atm   

,t; thAf;fs; Nrfupf;fg;gLtjw;Ff; Fwpg;gplj;jf;f topKiwfs; vJTk; jug;glhJ> ntWkNd

,j;jhf;fj;jpd; tpisTfspd; %y; vz;zpf;iffs; jug;gl;Ls;sd. jhw;wdpd; tpjp gw;wpa

vkJ mwptpd; mbg;gilapy; mjidg; gpuNahfpf;Fk;NghJ> J}athAf;fisg; Nghd;w

,ay;Gfis cilad vdTk; jug;gl;l thAf;fyitapd; $Wfs; ahTk; jkf;Fs; ,urhad

uPjpapy; jhf;fkw;wit vdTk; vLj;Jf; nfhs;sg;gLk;.  vt;thwpUg;gpDk;> nrad;Kiwapy;

thAf;fs; njhlu;Ggl;l jhf;fq;fspy;> mtw;wpidr; Nrfupf;fg; gad;gLj;jg;gLk; topKiwahdJ

gpwpnjhU thAit cUthf;fyhk; my;yJ NtW rpy tpisTfis Vw;gLj;jyhk;.

cjhuzkhf> ePupd; kPJ ftpo;j;J itf;fg;gl;l nfhs;fsdpy; ePiu ,lk;ngau;j;J

Nkw;nfhs;sg;gLk; thAr; Nrfupg;G El;gk; mbf;fb gad;gLj;jg;gLfpwJ. thAthy; KOikahf

ePu; ntspr;nry;Yk;tiu  ePu; nfhz;l Nghj;jYs; FohapD}lhf thAf;fisf; Fkpo;j;jy;

Nkw;nfhs;sg;gLk;. thAthdJ ePupy; fiutjpy;iy vdTk; ePUld; jhf;fkiltjpy;iy

vdTk; nghJthf ehk; vLj;Jf; nfhs;Nthk;. vt;thwpUg;gpDk; thAit ehk; J}a;ikahfg;

ngwKbahJ.  ,jw;Fg; gjpy; jhf;fj;jpy; cUthf;fg;gLk; thAthdJ ePupd; Mtpahjyhy;

ngwg;gLk; ePuhtpAld; fyitahf mikAk;. msf;fg;gLk; mKf;fj;Jld; thA nfhz;Ls;s

mKf;fk; ePuhtpapd; epuk;gyhtpaKf;fKk; Nru;e;J fhzg;gLk;. vdNt Fwpg;gpl;l ntg;gepiyapy;

Nrfupf;fg;gLk; thA cQw;Wk; mKf;fj;jpidj; jPu;khdpg;gjw;Ff; fyitapd; nkhj;j

mKf;fj;jpypUe;J ePuhtpapd; mKf;fj;jpidf; fopg;gJ mtrpakhdjhFk;. vdpd; Nrfupf;fg;gLk;

thAtpd; gFjpaKf;fk;> ,jd; fdtsT> ntg;gepiy vd;gtw;wpid ,yl;rpathAr; rkd;ghl;by;

gad;gLj;jpr; Nrfupf;fg;gl;l thAtpd; njhifiaf; fzpf;fKbAk;.
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cjhuzk;: 1.10

gpd;tUk; jhf;fj;jpw;F mikthf KClO
3
 jpz;kj;jpypUe;J ehk; xl;rprd; thAitj;

jahupf;fyhk;  vdf; nfhs;Nthk;.

2KClO
3
(s)    2KCl(s) + 3O

2
(g)

270C apYk; 760 torr mKf;fj;jpYk; 1.5 dm3 O
2
 thA ePupd;kPJ Nrfupf;fg;gLfpd;wJ.

cUthf;fg;gLk; O
2
 thAtpd; %y; vz;zpf;ifiaf; fzpf;Ff. 27.00C apy; ePupy;

MtpaKf;fk; 26.7 torr.

tpil:

jhw;wdpd; tpjpapypUe;J gpd;tUkhW vOjKbAk;.

P 
nkhj;jk; 

= P
xl;rprd; 

+  P
ePu;

P
xl;rprd;

 =  P
nkhj;jk; 

-  P
ePu; 

= (760 - 26.7) torr

= 733.3 torr

= 97764 Pa.

,yl;rpa thAr;rkd;ghl;bidg; gad;gLj;jpd;

PV = nRT kw;Wk;      
3 3

1 1

97764 1.5 10

8.314

PV Pa m
n

RT JK mol



 

 
   = 0.058 mol

1.4 thAf;fspd; %yf;$w;W ,af;ff; nfhs;if

Nkw;$wpa gFjpfspy;> thAepiy njhlu;ghd gupNrhjidfs; mtjhdpf;fg;gl;l

cz;ikfSf;F (nghapypd; tpjp> rhs;];rpd; tpjp Nghd;wit) thAtpjpfis tpsq;fpf;

nfhs;sKbe;jJ. Nkw;gb gupNrhjidfs; Nkw;nfhs;sg;gl;lNghJ> vt;thW xU Fwpj;j

njhFjp ntt;NtW epge;jidapd; fPo; vt;thW ele;Jnfhs;Sfpd;wJ vd ehk; tpsq;fpf;

nfhs;sKbAk;. ,Ue;jNghJk; gupNrhjidfs; %yk; ngwg;gl;l Nkw;Fwpj;j

mtjhdpg;GfspypUe;J Vd; xU njhFjp mt;thW ele;Jnfhs;fpd;wJ vd mwpa my;yJ

tpsq;fpf; nfhs;syhk;. cjhuzj;jpw;F ehk; mKf;Fk;NghJ mKf;fk; mjpfupg;gjid

vjpu;T $w thAtpjpfs; cjTk;. Mdhy; xU thAit mKf;Fk;NghJ %yf;$w;W

kl;lj;jpy; elg;gJ ahnjd ehk; mwptJ NjitahdjhFk;. MfNt xUtiff;

nfhs;ifastpyhd khjpupahdJ Nkw;Fwpj;j epfo;Tfs; my;yJ tpdhf;fs; mj;Jld;

nfhs;iffs;  Nghd;wd rpwe;j mtjhdq;fis tpsf;Ftjw;F vkf;F cjtpahFk;.

thAf;fspd; elj;ijfs; %yf;$w;W kl;lj;jpy; tpsf;f Kaw;rp nra;a cjTtJ %yf;$w;W

,af;ff; nfhs;if MFk;.
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1.4.1 ,yl;rpa thAtpd; %yf;$w;Wf; nfhs;iff;fhd vLNfhs;fs;

 thAf;fs; rpwpa rpwpa mj;Jld; $basT NtWgLj;jg;gl;l vz;zpf;ifahd

Jzpf;iffshy; (%yf;$Wfs; my;yJ mZf;fs;) njhFf;fg;gl;ld.

%yf;$Wfspd; cz;ikahd fdtsthdJ thA %yf;$Wfis milf;Fk;

nkhj;jf; fdtsTld; xg;gpLk;NghJ kpfTk;; rpwpjhifahy; Jzpf;iffs; $basT

Ntwhf;fg;gl;Ls;sd. my;yJ NtWnrhw;fspy; $wpdhy; %yf;$Wfspd; cz;ikahd

fdtsthdJ mtw;wpw;fpilg;gl;l ntw;wpl ntspAld; xg;gpLk;NghJ Gwf;fzpf;fj;

jf;fd. ,f;nfhs;ifahdJ  Jzpf;iffs; xd;wpw;nfhd;W kpf neUf;fkhfTs;s

jputq;fs; my;yJ jpz;kq;fspYk; ghu;f;f thAf;fs; milf;Fk; fdtsT kpf

cau;thf miktijj; jpUj;jkhf vjpu;T$WfpwJ. thAj;Jzpf;iffs; $basT

Ntwhf;fp itf;fg;gl;bUg;gjhy; jputq;fs; kw;Wk; jpz;kq;fSld;  xg;gpLk;NghJ

mlu;j;jp Fiwe;jit. ,t; vLNfhshdJ thAf; fspy; mKf;fg;gLk; jfT cau;T

vd tpsf;f cjTk;.

 thAf;fspd; xt;nthU Jzpf;ifAk; vOkhw;whd (rhj;jpakhd vy;yhj; jpirfspYk;)

Neu;Nfhl;L ,af;fkhf> mJ kw;nwhU %yf;$W my;yJ nfhs;fyj;jpd; Rtu;fSld;

NkhJk;tiu mirAk;. ntt;NtW %yf;$Wfs; ntt;NtW fjpAld; mikAk;.

Nkhjy;fs; g+uz kPs;jd;ikf;Fupad. mjhtJ rf;jpahdJ xU Jzpf;ifapypUe;J

kw;nwhd;wpw;F khw;wg;glf;$baJ> mtw;wpd; rf;jpahdJ khwf;$baJ. Mdhy;

Njwpa epfo;thfr; rf;jp ,of;fg;glNth Vw;fg;glNth ,y;iy. nfhs;fyj;jpd; Rtu;fspy;

%yf;$Wfspd; Nkhjy;fspd; tpisthf cUthtNj xU thAtpd; mKf;fk; MFk;.

 thAj; Jzpf;iffspd; ruhrup ,af;fr; rf;jpahdJ jdpahd ntg;gepiyf;F khj;jpuk;

Neu;tpfpj rkkhdJ.

,J vkf;Fg; gpd;tUk; jfty;fis ntspg;gLj;Jk;. thAj; JZf;iffs; (%yf;$W

my;yJ mZ) jkf;Fupj;jhd jpzpT kw;Wk; fjpiaf; nfhz;lit. Vd; vdpy;

jug;gl;l thAj; Jzpf;ifapd; ,af;fr; rf;jp (KE)  gpd;tUk; rkd;ghl;bdhy; jug;gLk;.

21
 

2
KE m v

,q;F m  vd;gJ xU thAj; Jzpf;ifapd; jpzpT kw;Wk; v  vd;gJ mt;thAj;

Jzpf;ifapd; Ntfk; (my;yJ fjp). khwhf; fdtstpy; thAitr; #lhf;Fk;NghJ>

mKf;fk; mjpfupf;Fk;. Vnddpy; thAitr; #lhf;Fk;NghJ Jzpf;iffspd; ,af;fr;

rf;jp mjpfupf;Fk;. kw;Wk; nfhs;fyj;jpd; Rtu; cld; mjpf jlitfs; NkhJif

milAk;. $ba mKf;fj;ij ntspg;gLj;Jk;. jug;gl;l ntg;gepiyapy;  xU %y;

(1 mol) Jzpf;iffspd; ,af;fr; rf;jp fPo;tUk; rkd;ghl;bd; %yk; jug;gLk;.

3

2
KE RT
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ehq;fs; gpd;tUk; Fwpg;Gfis Nkyjpfkhf cUthf;fyhk;.

 thAj; Jzpf;iffs; xd;wpy; ,Ue;J xd;W Rakhd elj;ijia ntspf;fhl;Lk;.

Vnddpy; thAj; Jzpf;iffs; kpff;$bastpy; gpupf;fg;gl;lit (jdpikg;gLj;jg;

gl;lit). mit NkhJif milAk; tiu xd;wpy; ,Ue;J xd;W RahjPdkhf

mirAk;. mjdhy; thAj; Jzpf;iffs; ,ilNa ,ilf;ftu;r;rp tpir my;yJ

js;Sif tpir fhzg;glhJ. ,jdhy; gad;gLj;Jk; jhw;wdpd; thAf;fSf;fhd

gFjpaKf;f tpjpia vk;khy; tpsq;fpf; nfhs;s KbAk;. nfhs;fydpd; KOtplKk;

thA %yf;$Wfspdhy; Vd; epug;gg;gLfpd;wd vd;w tpsf;fj;ijAk; ,jpy; ,Ue;J

ngw;Wf; nfhs;sf;$bajhf cs;sJ.

 nfhs;fydpd; Rtu; cld; Vw;gLk; nkhj;j NkhJiffspd; mstpdhy; thAf;fspd;

mKf;fk; Vw;gLj;jg;gLfpd;wJ.

,e;j mDkhd Nghapy; tpjpia tpsf;Ffpd;wJ. jug;gl;l ntg;gepiyapy;> rk msthd

thAf;fs;> Fiwe;j fdtsthd nfhs;fydpy; XuyFg; gug;gpy; $basT NkhJif

Vw;gLj;jg;gLk;. Fiwe;j fdtsTila nfhs;fydpy; Jzpf;iffs; gazpf;Fk; J}uk;

Fiwthff; fhzg;gLk;. vdNt jug;gl;l gug;gpy; $basT NkhJif Vw;gLj;jg;gLk;.

,jdhy; $basT mKf;fk; Vw;gLj;jg;gLk;.

,e;j vLNfhs; %yk; thAf;fspd; mKf;fk;> thA %yf;$Wfspd; %y; vz;zpf;iff;F

Neu;tpfpj rkkhdJ vd;gij vjpu;T $wyhk;. $ba vz;zpf;ifahd thA %yf;$Wfs;>

$ba vz;zpf;ifahd NkhJifia RtUld; Vw;gLj;Jk;. ,jdhy; $ba thA

mKf;fk; Vw;gLk;.

1.4.2  %yf;$w;W ,af;fg; gz;Gf; nfhs;ifr; rkd;ghL

21

3
PV mNc

,t;ntspg;ghl;by; ,g;NghJ mKf;fj;ijg; ngUk;ghu;itf;Fupa gz;ghf> mZ,af;fk;

njhlu;ghfj; jUfpd;wJ. jug;gl;l xU nfhs;fyj;jpy; jug;gl;l ntg;gepiyapy; Fwpg;gplj;jF

Nkw;gb njhlu;ghdJ mKf;fkhdJ %yf;$Wfspd; fjptu;f;f ,ilf;F Neu;tpfpj rkkhFk;.

Nkw;gb rkd;ghl;bypUe;J %yf;$w;Wf;fjp mjpfupf;Fk;NghJ nfhs;fyj;jpy; cQw;wg;gLk;

mKf;fKk; mjpfupf;fpd;wJ vd ehk; ghuf;fKbAk;. 2C  MdJ %yf;$Wfspd; Ntfk;

my;yJ fjptu;f;f,il vd tiuaWf;fg;gLk;.

1.4.3 ruhrupf; fjptu;f;f ,il%yk; kw;Wk; ruhrupf;fjp vd;gtw;wpw;fhd Nfhyq;fs;

gpd;tUkhW ntt;NtW tbatq;fspy; %yf;$Wfspd; Ntfq;fis mwpe;jpUj;jy;

gaDs;sJ. khwh ntg;gepiyapy; khwh fdtsTila ghj;jpuj;jpy; N %yf;$Wfs;

ntt;NtW Ntfq;fs; c
1
, c

2
, ...c

N
, cld; gazpf;Fk;NghJ> mjidg; gpd;tUkhW vOj

KbAk;.

mj;Jld; ruhrupf; fjp,    
1 2 ... Nc c c

C
N

  




                  f.ngh.j.(c/j) ,urhadk;: myF 4   rlj;jpd; thA epiy

24

fjptu;f;f ,il  
2 2 2 2

2 1 2 3 ... Nc c c c
C

N

   


fjptu;f;f ,il%yk; = 2C

fjptu;f;f ,il 2C  MdJ ntg;gepiyapy; rhu;e;Js;sjidf; fhl;l nghUj;jkhd

rkd;ghl;bidg; ngWtjw;F %yf;$w;W ,af;fr; rkd;ghl;bidg; gad;gLj;j KbAk;.

V fdtstpy;   N vz;zpf;ifAila Jzpf;iffSf;Fupa mKf;fk;,  
2

3 

mNC
P

V
  vd

ehk; mwpe;Js;sikapdhy; 
2

3 

mNC
PV   vd ehk; vOj KbAk;.

N = nN
A
, Mjyhy; ,q;F N

A
 mtfhjNuh khjpup> n vd;gJ %y;fspd; vz;zpf;if.

21

3
APV mnN C

M = m N
A
, Mjyhy;> Nkw;gb rkd;ghl;bid  kPs;mikf;Fk;NghJ (M MdJ %yu;j;jpzpT)

21

3
PV nM C

,yl;rpa thAr;rkd;ghL PV = nRT Nkw;gb rkd;ghl;bid gpujpapLk;NghJ>

21

3
nRT nM C

2 3RT
C

M


mj;Jld; fjptu;f;f,il%yj;ij ehk; gpd;tUkhW vOjKbAk;.

2 3RT
C

M

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  cjhuzk; 1.11

  25 0C ,y; H
2
(g) kw;Wk; N

2
(g) ,d; %y; ,iltu;f;ff; fjpiaf; fzpf;Ff.

  tpil:

T = 25 ºC = 298 K

M(H
2
) = 2.0 g mol-1 = 0.002  kg mol-1

M(N
2
) = 28.0 g mol-1 = 0.028  kg mol-1

R = 8.314 J K-1 mol-1

        H
2
(g) ,w;F>

2 3RT
C

M
  I gpujpapl 

-1 -1

-1

3 8.314 J K mol 298 K

0.002 kg mol

 
  =  1927.8 m s-1

     N
2
(g) ,w;F>

2 3RT
C

M
  I gpujpapl 

-1 -1

-1

3 8.314 J K mol 298 K

0.002 kg mol

 
  =  515.2 m s-1

Nkw;gb cjhuzj;jpypUe;J jug;gl;l xU ntg;gepiyapy; xNu ,af;frf;jpAila tpiuthf

mirAk; ghuk; Fiwe;j %yf;$Wfis tplg; ghuk; $ba %yf;$Wfs; nkJthf

mirfpd;wd vd ehk; $w KbAk;. ,t;tpaf;frf;jpahdJ Neubahf ntg;gepiyAld;

njhlu;GilaJ. mj;Jld; %yf;$w;W ,af;ff; nfhs;ifapy; rkd;ghl;bypUe;J gpd;tUkhW

ep&gpf;f KbAk;.

2

3 

mNC
PV    vd ehk; mwpe;Js;Nshk;.

,jid 2 My; ngUf;fp 2 My; tFj;jhy;>

2

3 

mNC
PV   

22 1

3 2

N
mC RT

 
  

 

21 3

2 2
N mC RT
 

 
 

21 3 3
( )

2 2 2
B

R
mC T k T

N

   
    

   
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,q;F k
B
 = Nghw;Rkd; khwpypahFk;.

mj;Jld; 
21

2
mC

 
 
 

 vd;gJ ,af;frf;jp (KE) vd vOjKbAk;.

mj;Jld;>    xU %yf;$wpw;F 
3

2
BKE k T

3
( )  

2
B AKE k T N

3
 

2
A

A

R
KE T N

N

 
  

 

xU %Yf;F 
3

2
KE RT

,af;frf;jpahdJ nfy;tpd; ntg;gepiyapy; kl;Lk; jq;fpAs;sJ vd ep&gpf;fpd;wJ.

1.4.4  kf;Rnty; Nghw;Rkd; guk;gy;

,Ue;jNghJk;> Nkw;gb cjhuzj;jpypUe;J N
2
 %yf;$w;wpd; Ntfk; 515 m s-1 vd vk;khy;

fzpf;fg;gl;lhYk;> vy;yh N
2
 %yf;$WfSk; ,t; Ntfj;Jld; gazpf;fpd;wd vd;gjpy;iy.

,JNghd;W %yf;$Wfs; Neu;Nfhl;Lj; jpirapy; mirfpd;wd. ,e;j ,af;fk; fhtpf;

fzpakhFk;. ,J Nghd;w njhlu;gpdhy; %yf;$w;Wf; fjp tpgupf;fg;gLk;. ,q;F fjpg;

guk;gy; g+r;rpaj;jpypUe;J 515 m s-1  ,w;F Nkyhff; fUjg;gLk; ngWkhdk; tiu ,J

khWgLk;. ,J Vnddpy; jdp %yf;$Wfs; NkhJifailAk; rf;jpia gupkhwpf; nfhs;Sk;.

mtw;wpd; fjp khWgLk;. cU 1.6 ,y; fhl;lg;gl;lthW Fwpj;j fjpAld; ,aq;Fk;

%yf;$Wfspd; gpd;dj;Jld; fjpg;guk;gy; fhl;lg;gl;Ls;sJ. ,J kf;Rnty; - Nghw;Rkd;

fjpg; guk;gy; vd miof;fg;gLk;.

(a) (b)

cU 1.6 (a)  ntt;NtW ntg;gepiyapy; iejurd; thAtpw;F kf;Rnty; - Nghw;Rkd; fjpg;guk;gy;

    (b)  300 K  ,y; %d;W thAf;fSf;F fjpg;guk;gy;

%
y
f
;$
W
f
s
pd
; v
z
;z
pf
;i
f

%yf;$w;W fjp m/s-1

%
y
f
;$
W
f
s
pd
; v
z
;z
pf
;i
f

%yf;$w;W fjp m/s-1
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1.5 nka;thAfl;Fg; gpuNahfpg;gjw;fhf  ,yl;rpathAr;  rkd;ghl;bw;fhd
jpUj;jq;fs;.

thAtpjpfs;> %yf;$w;W ,af;ftpay; nfhs;iffl;fhd gpujhd fUJNfhs; > thA mtj;ij

%yf;$Wfs; jkf;Fs; ftu;r;rpfshy; my;yJ js;Siffshy;  ,ilj;jhf;fkw;wd vd;gjhFk;.

nfhs;fyj;jpd; fdtsTld; xg;gpLk;NghJ thA %yf;$Wfspd; fdtsT Gwf;fzpf;fj;jf;fJ

vd;gJ kw;iwa fUJNfhshFk;. ,Ue;jNghJk; nka;thAf;fisAk; cs;slf;fpa fzpg;Gfl;F

thAtpjpfisg; gad;gLj;jpa NghJk; thA mtj;ijapy; %yf;$Wfs; ,ilNa ,il

%yf;$w;W tpirfs; cz;L vd;w cz;ikAk; cz;L. ,y;yhtpl;lhy; cjhuzkhf thAf;fs;

jputkhf KbahJ.  xU %y; %yf;$Wfs; fUjg;gLk;NghJ gpd;tUkhW ntspg;gLj;jg;gLk;

mKf;fg;gLk; jfTf; fhuzp (z) MdJ ,yl;rpa thAf;fspw;F xd;wpw;F rkkhFk;. (z = 1)

nRT

PV
z 

nka;thAfl;Fg; gupNrhjid uPjpahd juTfshy; ngw;Wf; nfhs;sg;gLk; z ,d; ngWkhdk;

xd;W my;y.

PV = RT  vd xU %y; ,yl;rpa thAtpw;F vOj KbAk;. khw;W topapy; $Wtjhapd;

jug;gl;l ntg;gepiyapy; 1
PV

RT
  vd KbthFk;.  ,yl;rpa thAf;fspy; rpy elj;ijapy;

,Ue;J nka;thAf;fs; Fwpg;gplj;jf;f tpyfiy cz;ikapy; ntspf;fhl;Lfpd;wd. Fwpj;j

msT 
PV

z
RT

  MdJ mKf;fgL jd;ikapd; msT> mKf;fg;gLfhuzp> mKf;fg;gLFzfk;

vd miof;fg;gLk;. ,J tpyfiy mstplg; gad;gLk; fdpakhFk;. cjhuzkhf> khwh

ntg;gepiyapy; xU %y; ,yl;rpa thAtpw;F> mKf;fj;Jld; z  ,d; fw;if my;yJ

NtWghl;il gFg;gha;e;jhy; ,q;F PV  xU khwpyp (Nghapy; tpjp) kw;Wk; P  vjpu; Z  tiuG

vy;yh  mKf;fq;fspYk;  x- mr;rpw;F (mKf;f mr;rpw;F)  rkhe;jukhd  Neu;NfhlhFk;.

cU 1.7(a)  ,y; 273 K  ,y; gy thAf;fSf;F kw;Wk; cU  1.7(b) ntt;NtW ntg;gepiyapy;

xU thAtpw;F tiuag;gl;Ls;sd.

(a)     (b)
cU 1.7 (a) khwh ntg;gepiyapy; mKf;fj;Jld; mKf;fg;gLjd;ikapd; (Z) khwy; tiuG (a) ,Ds;

cs;s rpwpa tiuG  ,yl;rpa thAtpw;Fk; nka;thAtpw;Fk; Nghapy; tpjpf;fhd tiuG.

(b) CH
4
 thAtpd; mKf;fj;Jld; mKf;fg;gLjd;ikapd; khwy; ntt;NtW ntg;gepiyfs;

mKf;fk; mKf;fk; /atm

,yl;rpa thA

,yl;rpa thA VjhtJ

ntg;gepiyapy;
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cU 1.7 (a) ,y; fhl;lg;gl;Ls;s tiuGfspypUe;J khwh ntg;gepiyapy; nka;thAf;

fSf;fhd PV/RT Vs P (z Vs P) tiuGfs; x-mr;rpw;F (mKf;fk;) rkhe;jukhd xU

Neu;NfhL my;y vdr; Rygkhff; fhzyhk;. mq;F ,yl;rpa elj;ijapypUe;J Fwpg;gplj;jf;f

tpyfy; fhzg;gLfpd;wJ. ntt;NtW tif nka;thAf;fspw;F ,Utifahd tisTfs;

tpisthfpd. H
2
 ,w;Fk; `Pypaj;jpw;Fkhd tisTfspy; mKf;fk; mjpfupf;f z ,d;

ngWkhdk; mjpfupf;Fk;.  ,uz;lhtJ tif tisT fhgd;nkhNdhl;irl; (CO)  kw;Wk;

nkNjd; (CH
4
) Nghd;w thAf;fspy; fhzg;gLfpd;wJ. ,e;j tiuGfspy; Kjypy; ,yl;rpa

elj;ijapypUe;J xU vjpu; tpyfy; fhzg;gLfpd;wJ. mLj;J mjpfupg;Gld; z ngWkhdk;

Fiwtile;J xU thAtpd; kpff; Fiwe;j xU ngWkhdj;ijailAk;. mjd;gpd; mJ

mjpfupf;fj;njhlq;fp ,yl;rpa thAtpw;fhd Gs;spiaj; jhz;bj; njhlu;e;J Neu;tpyfiyf;

fhl;batz;zk; ,t;tjhdpg;Gfspy; ,Ue;J nka;thAf;fs; vy;yh epge;jidfspd; fPOk;

,yl;rpathAr; rkd;ghl;ilg; gpd;gw;Wtjpy;iy vdf; fz;lwpayhk;.

,yl;rpa elj;ijapypUe;jhd ,t;tpyfyhdJ cU 1.7 (a)  ,d; xU cl;$whf tiuag;gLk;.

mKf;fk; vjpu; fdtsT tiutpidf; fUJtjpd; %yk; tpsq;fpf;nfhs;sg;glyhk;.

mt;tiugpy; nka;thAnthd;wpd; mKf;fk; vjpu; fdtsT juT nfhs;ifastpy;

fzpf;fg;gl;ltw;Wld; xg;gplg;gLfpd;wJ. ,t;tiuNg Boyle tpjpapd; tiuG (,yl;rpathA

nthd;wpdJ) vd ehk; mwpe;Js;sNjhL nka;thA mNj elj;ijiag; gpd;gw;wpdhy; ,U

tiuGfSk; xUq;fpizAk; vdTk; mwpNthk;.  kpf cau; mKf;fj;jpy; msf;fg;gl;l

fdtsT fzpf;fg;gl;l fdtsit tplTk; $baJ vdTk; jho; mKf;fq;fspy; msf;fg;gl;l

kw;Wk; fzpf;fg;gl;l fdtsTfs; xd;Wf;nfhd;W neUf;fkhf mikAk; vd;gJk; kpfj;

njspT. NkYk; ,J jho;mKf;f epge;jidfs; ,yl;rpa elj;ijiar; rhjfkhf;F

fpd;wd vdTk; fhl;Lfpd;wJ. fdtsT mjpfupg;Gld; thAf;fs; ,yl;rpa elj;ijiaf;

fhl;Ltjhy;>nfhs;fydpd; fdtsTld; xg;gpLk;NghJ %yf;$Wfspd; fdtsT Gwf;fzpf;fg;

glyhk;. NtWtpjkhff; $wpd; mKf;fk; kpff;Fiwthf cs;sNghJ thAtpd; elj;ij

$basT ,yl;rpa elj;ijahfpd;wJ. kw;Wk; mJ thAtpd; ,ay;gpYk; ntg;gepiyapYk;

jq;fpAs;sJ.

NkYk; ,k;nka;thAtpd; elj;ijia cau; mKf;fq;fspy; %yf;$Wfs; neUf;fkhFk;

NghJ %yf;$Wfspd; tiuaWj;j msTfshy; Njhw;Wtpf;fg;gLk; %yf;$w;W

,ilj;jhf;fq;fspd;, kw;Wk; js;Siffspd; Nru;f;ifahf ntspg;gLj;jg;glyhk;. jho;

mKf;fq;fspy; Mdhy; ,d;dKk; ,yl;rpaelj;ijf;Fupa epiyapy; %yf;$w;wpilf;

ftu;r;rpfspd; jho;%yu;f;fdtsit tpistpf;fpd;wd. kw;Wk; mKf;ff;fhuzp 1 I tplf;

FiwT. (z<1) NghJkhd cau; mKf;fq;fspy; %yf;$Wfs; neUf;fkiltJld;

%yf;$wpd; %yu;f;fdtsT mJ xU Gs;spj;jpzpthf ,Uf;Fk;NghJs;s epiyAld;

xg;gpLk;NghJ mjpfupf;Fk;. cau; ntg;gepiyapy;  cU 1.7 (b) %yf;$w;wpilf; ftu;r;rpfs;

FiwtNjhL PV fhuzp mjpfupj;J z ngWkhdq;fis 1 ,Yk; mjpfupf;Fk;. (z > 1)

vdpDk;> ,yl;rpaf; Nfhl;bypUe;jhd tpyfyhdJ cau;ntg;gepiy ,yl;rpaj;jd;ikia
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Xustpw;Fr; rhjfkhf;Fk; vdf; fhl;Lk; tifapy; Fiwthf cs;sJ. Mjyhy; kpfj;

jho; mKf;fq;fSk; cau; ntg;gepiyfSk; nka;thAf;fspd; ,yl;rpa elj;ijf;Fr;

rhjfkhd epge;jidfs; vd ehk; $wyhk;.

jug;gl;l xU ntg;gepiyapYk; mKf;fj;jpYk;  %yu;f;fdtstpYs;s NtWghLfisf;

fUJtjd; %yk; nka;thAtpd; ,e;j elj;ijia ,yl;rpa thATld; xg;gpl;lhy;

mKf;fg;gLk; jd;ikf;fhuzp z ,d; njhlu;G tpsq;fpf; nfhs;sg;glyhk;. xU %y;

nka;thA fdtsT V
real
 I nfhz;Ls;sjhAk; ,yl;rpathAtpw;F mJ V

ideal
 vdTk;

fUJf. Mjyhy; 
realPV

Z
RT

  vd vOjyhk;.

mNj epge;jidapy; mt;thA ,yl;rpa elj;ijiaf; fhl;bdhy; ideal

RT
V

P


,jid KjyhtJ rkd;ghl;by; gpujpapl 
real

ideal

V
Z

V


MfNt mKf;fg;gLjd;ikf; fhuzp z MdJ xU thAtpd; cz;ik %yu;f;fdtstpw;Fk;

mt;ntg;gepiyapYk; mKf;fj;jpYk; mt;thA ,yl;rpa thA elj;ijiaf; fhl;Lk;NghJ

mjd; %yu;f;fdtstpw;Fkhd tpfpjk; MFk; vdf;fhzyhk;.

,g;gupNrhjidapd; mbg;gilapy; nka;thAf;fs; vy;yh epge;jidfspYk; nghapypd;

tpjp> rhs];rpd; tpjp kw;Wk; mtfhjNuhtpd; tpjpfisR; rupahfg; gpd;gw;Wtjpy;iy

vdf; fz;lwpag;gl;Ls;sJ.

Kjyhtjpw;F ehk; %yf;$w;W ,af;ftpay; nfhs;ifapy; Nkw;nfhs;sg;gl;l  fUJNfhs;

fisg; gad;gLj;jyhk;. ,q;F xU thAtpd; %yf;$Wfspw;F ,ilNa ftu;r;rptpir

,y;iy kw;Wk; thAtpdhy; milf;fg;gl;l ,lj;Jld; xg;gpLk;NghJ xU thA %yf;$wpd;

fdtsT Gwf;fzpf;fj;jf;f msT rpwpaJ vdf; fUjg;gLfpwJ.

thA %yf;$WfspilNa ,ilj;jhf;fq;fs; ,y;yhtpbd; thA xUNghJk; jputkhfhJ.

vt;thnwdpDk; Fspu;jypd;NghJk; mKf;fg;gLk;NghJk; thAf;fs; jpukhFk; vd ehk;

mwpNthk;. thAf;fs; Fspug;gLk;NghJk; mKf;fg;gLk;NghJk; thA %yf;$Wfs;

neUf;fkhfpj; jputq;fisj; Njhw;Wtpf;Fk;.  xU thA %yf;$wpd; fdtsT Gwf;fzpf;fj;

jf;fJ vdpd; cz;ik thAtpdJ mKf;fk; vjpu; fdtsT tiughdJ ,yl;rpathAtpd

Jld; xUq;fpizaNtz;Lk;. MfNt cz;ik thAf;fs; ,yl;rpa elj;ijapypUe;J

tpyFfpd;wd.
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1.5.1 te;ju;thYRtpd; rkd;ghL

,t;tyfpd; Muk;gj;jpy; ,yl;rpa thA tpjp PV= nRT  vdj; njupe;j epiyr; rkd;ghL

vd mwpag;gLk;. msf;fg;glf;$ba khwpfs; P, V, T kw;Wk; n cld; $ba thAf;fspd;

elj;ijia tpsq;fpf;nfhs;sg; gad;gLj;jg;gl;lJ. Nkw;gb tpsf;fq;fspypUe;J nka;

thAf;fspd; %yf;$Wfs; kj;jpapYs;s ,ilj; jhf;fq;fs; fhuzkhf ,yl;rpathA

tpjpfspypUe;J tpyfiyf; fhl;Lfpd;wd vd tpsq;fpf; nfhs;syhk;. MfNt nka;

thAf;fspd; elj;ijia tpgupf;f ,d;Ndhu; tifahd epiyr;rkd;ghLfs; mtrpak;.

Vnddpy; mtw;wpd; msf;fg;gl;l mKf;fq;fs; kw;Wk; fdtsTfs; ,yl;rpa thAtpw;F

cupa ngWkhdkhf ,Uf;fhJ.

cau; mKf;fq;fspy; thAf;fspd; %yf;$Wfs; kpf neUf;fkhdit kw;Wk; %yf;$w;W

,ilj;jhf;fq;fs; njhopw;glj; njhlq;Fk;. MfNt cau; mKf;fj;jpy; %yf;$Wfs;

nfhs;fyj;jpd; RtUld; KONtfj;Jld; mbf;fKbahJ. Vnddpy; ,k;%yf;$w;Wf;

ftu;r;rp tpirfs; fhuzkhf mit Vida %yf;$Wfshy; gpd;dpOf;fg;gLk;. (,e;elj;ij

kPjhd xU tupg;glk; cU 1.8 ,yl;rpa thATldhd xg;gPl;by; fhl;lg;gl;Ls;sJ.) ,J

%yf;$Wfshy; nfhs;fyd; Rtupy; nrYj;jg;gLk; mKf;fj;ij tpl nka;thAthy;

nrYj;jg;gLk; mKf;fk; FiwthdJ.

(a) (b)

   cU 1.8 Rtu; kPjhd NkhJifapd; xg;gPL

(a)  ,yl;rpa thA %yf;$W  (b)  nka; thA %yf;$W

%yf;$Wfspd; NkhJifapy; nka; thA %yf;$WfSf;fpilapyhd ftu;r;rpahy; mKf;ff;

FiwT Vw;gLtJ fhl;lg;gl;Ls;sJ.

jug;gl;l xU Neuj;jpy; RtUldhd xU Nkhjy; vz;zpf;if thAtpd; mlu;j;jpf;F

Neu;tpfpjrkdhtjhy; mKf;fj;jpd; jpUj;jf;fhuzp thAtpd; mlu;j;jp tu;f;fj;jpw;F Neu;tpfpj

rkd; my;yJ fdtstpd; tu;f;fj;jpw;F Neu;khW tpfpjrkd;.  mjdhy; jpUj;jf;fhuzp

2

2

v

an
  vd vOjg;glyhk;.

R
t
u
;

R
t
u
;
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,q;F a ftu;r;rp tpirfspd; gUkd; njhlu;ghd khwpyp kw;Wk; ntg;gepiy kw;Wk;

mKf;fj;jpy; jq;fpapuhJ. n ck; v ck; KiwNa thA%y;fs; kw;Wk; nfhs;fyj;jps;

fdtsT. MfNt ,e;epge;jidapd; fPo; njhFjpapd; mKf;fk; gpd;tUk; ntspg;ghl;lhy;

jug;gLk;.

2

2ideal real

an
P P

V
 

cau; mKf;fj;jpy; %yf;$Wfs; Vwf;Fiwa njhLifapy; ,Ug;gjhy; FWfpa tPr;Rj;

js;Sif tpirfs; %yf;$Wfis rpwpa Nfhzq;fshf elf;fitf;fpwJ. mjdhy;

%yf;$Wfshy; epug;gg;gl;l xU Fwpgpl;lj;jF fdtsittpistpf;fpwJ. ,g;NghJ ,yl;rpaf;

fdtsit msf;fg;gl;l fdtsit tplf; Fiwthf ,Uf;fNtz;Lk;. Vnddpy; fdtsT

v ,y; msg;gjw;Fg; gjpy; mit ,g;NghJ xU gaDs;s fdtsT (v-nb) ,w;F

tiuaWf;fg;gl;Ls;sd.

                                                         

2

2
( )

an
P V nb nRT

V

 
   

 

te;ju;thYR rkd;ghL vd miof;fg;gLtJld; a Ak; b Ak; te;ju;thYR khwpypfs;

vdTk; miof;fg;gLk;. ehk; ,r;rkd;ghl;il xU %y; nka;thAtpw;F vOjpdhy; mJ

gpd;tUtij vLf;Fk;.

                                                         2
( )

a
P V b RT

V

 
   

 

1.5.2 mtjp ntg;gepiyAk; thAf;fspd; jputkhf;fYk;

mj;jpahaj;jpd; njhlf;fj;jpy; xU Fwpj;j ngsjpfepiyiag; NgZtjpy; %yf;$w;wpil

tpirfspd; Kf;fpaj;Jtj;jpd; msT gw;wpf; fye;JiuahbNdhk;. rlkhdJ Njitf;Nfw;g

%yf;$w;wpilj; J}uq;fis khw;Wtjw;fhd ntg;gk; my;yJ Fspu;tpj;jy; vd;gtw;wpD}lhf

ngsjpf epiyfSf;fpilNa ,ilkhw;wg;glyhk;.

cjhuzj;jpw;F> ehk; xU thAtpd; jputkhf;fy; Fspu;tpj;jy; kw;Wk; mKf;fj;jpD}lhf

epfog;glyhk; vd epidg;Nghk;. ,J Xustpw;Fr; rupahapDk; vkf;F nka;thAf;fspd;

mtj;ij khw;wq;fs; njhlu;ghf mtw;wpd; elj;ij gw;wpa NkYk; fUj;Jf;fs; Njit.

Fwpg;G: myF 12 ,y; fye;Jiuahlg;gLk;.  jiyg;Gf;fspy; xd;W kw;Wk; xU rpwpa

tpgupg;G  ,t;tj;jpahaj;jpy; fye;Jiuahlg;gLk;. Vnddpy; thAf;fspd; jputkhjYf;Fj;

Njitahd epge;jidfs; gw;wpa mbg;gilf; fUj;Jf;fisf; nfhz;bUf;fNtz;baJ

mtrpakhdJ.
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cjhuzj;jpw;Ff; fhgdPnuhl;irl; mj;jifa mKf;fk;> ntg;gepiy kw;Wk; fdtsT

njhlu;Gfs; kPjhd jfty;fs; mwpag;gl;Ls;sd. ,q;F mKf;fk; kw;Wk; ntg;gepiyapyhd

NtWghLfspy; jq;fpapUe;J fhgdPnuhl;irl; xU thAthf xU jputkhf kw;Wk; xU

jpz;kkhfj; njhopw;gl KbAk; vdf; fz;lwpag;gl;lJ.

cau; ntg;gepiy ,yl;rpa thA elj;ijf;F rhjfkhdJ kw;Wk; xU thA kpf cau;

ntg;gepiyapYk; jputkhf;fg;gl KbahJ. fhgdPnuhl;irl;ilf; fUJNthk; vdpy;> cau;

ntg;gepiyapy; ,J thAthf ntspg;gLk;. mKf;fk; 73 atm  ,Yk; Fiwthf cs;s

NghJ 30.98 0C (304.2 K) ,y; jputkhfj; njhlq;Fk;. ntg;gepiy 30.98 0C  MdJ

fhgdPnuhl;irl;bd; mtjp ntg;gepiy (T C) vd miof;fg;gLk;. fhgdPnuhl;irl;il

jput epiyapy; mtjhdpf;ff;$ba cau; ntg;gepiy ,JthFk;. ,jdpYk; $ba

ntg;gepiyapy; ,J thA epiyapy; kl;Lk; fhzg;gLk;. vdNt mtjp ntg;gepiyia

ehk; gpd;tUkhW tiuaiw nra;ayhk;. xU gjhu;j;jj;jpd; mtjp ntg;gepiy vdg;gLtJ

mt;ntg;gepiyapy; my;yJ mjdpYk; cau;thd ntg;gepiyapy; Mtpg; gjhu;j;jj;ij

vt;tsT cau; mKf;fj;ijg; gpuNahfpj;Jk; mjidj; jputkhf khw;w Kbahj mtjp

ntg;gepiyapy; Mtp xd;iwj; jputkhf khw;wj; Njitahd mKf;fk; mtjp mKf;fk;

vdg;gLk;.

cU 1.9  CO
2
  ,d; mtj;ij tiuglk;

Mtp

jputk;
jpz;kk;

ntg;gepiy / 0C

m
K
f
;f
k
; 

/ 
at

m
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ml;ltiz 1.3   rkd;ghLfspd; njhFg;G

thAtpjp rkd;ghL khwpypfshf itf;fg;gLk;

gukhdq;fs; (parameters)

,yl;rpa thAtpjp PV = nRT ,y;iy

nghapy; tpjp
k

P
V

 n ck; T ck;

rhs;]; tpjp V = kT n ck; P ck;

mtfhjNuh tpjp V
A
 = V

B
 vdpd; P ck; T ck;

N
A
 = N

B
 MFk;.

%yf;$w;W ,af;f rkd;ghL
21

3
PV mNC

ruhrupf; fjp
1 2 3 ..... Nc c c c

C
N

   


fjptu;f;f ,il

2 2 2 2
2 1 2 3( .... )Nc c c c

C
N

  


fjptu;f;f ,il
2 3RT

C
M



jhw;wdpd; gFjpaKf;ftpjp P
A
 = X

A
P

T

P
T
 = P

A
 + P

B
 + P

C

mKf;fg;gLk; jfTf;fhuzp
RT

PV
z  xU %y; thAtpw;F

te;ju;thYR rkd;ghL nRTnbV
V

an
P 








 )(

2

2
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cs;slf;fk;

2.1 ntg;g ,urhadj;jpYk; ntg;g,af;ftpaypYk;

cs;s mbg;gilg; gjq;fs;

2.1.1 njhFjp> #oy;> vy;iy

2.1.2 njhFjpapd; tiffs;

• jpwe;j njhFjp

• %ba njhFjp

• jdpikg;gLj;jpa njhFjp

• Vftpd> gy;ypdj; njhFjpfs;

2.1.3 njhFjpnahd;wpd; ,ay;Gfs;

• Ez;ghu;itf;Fupa ,ay;Gfs;

• ngUk;ghu;itf;Fupa ,ay;Gfs;

• tpuptpay;Gfs;

• nrwptpay;Gfs;

2.1.4 xU njhFjpapd; epiy

• Rakhd / jd;dpr;irahd

nrad;Kiwfs;

• Rakhf epfohj nrad;Kiwfs;

• kPSk; ,ay;Gs;s nrad;Kiwfs;

• kPsh ,ay;Gs;s nrad;Kiwfs;

2.1.5 ntg;gTs;Siw (H)
2.1.6 ntg;gk;

• jd;ntg;gf;nfhs;ssTk;;

ntg;gf;nfhs;ssTk;

2.2 NtWgl;l ntg;g,urhadr; nrad;KiwfSld;/
jhf;fq;fSld; ,ize;j ntg;gTs;Siw

khw;wq;fs; / epak ntg;gTs;Siw khw;wq;fs;

2.2.1 Gwntg;g mfntg;gr; nrad;Kiwfs;

• epakntg;gTs;Siw khw;wq;fs;

2.2.2 ntg;g ,urhadr; rkd;ghLfs;

2.2.3 ntg;gTs;Siw tupg;glq;fs;

2.2.4 ntg;gTs;Siw khw;wq;fSk; epak

ntg;gTs;Siw khw;wq;fSk;

• epakNjhd;wy; ntg;gTs;Siw khw;wk; H f




• epakjfd ntg;gTs;Siw khw;wk; HC




• epak gpizg;G gpupif ntg;gTs;Siw khw;wk;

H D




• epak eLepiyahf;fy; ntg;gTs;Siw

khw;wk; Hneu




• epak fiug;ghd; Vw;w ntg;gTs;Siw

khw;wk; solH




• epak ePNuw;wy; ntg;gTs;Siw khw;wk;

hydH




• epak fiuryhjy; ntg;gTs;Siw khw;wk;

dissolutionH




• epak gjq;fkhjy; ntg;gTs;Siw khw;wk;

subH




• epak Mtpahjy; ntg;gTs;Siw khw;wk;

evapH




• epak cUfy; ntg;gTs;Siw khw;wk; fusH




• epak mZthjy; ntg;gTs;Siw khw;wk; atH




• epak Kjyhk; madhf;f ntg;gTs;Siw

khw;wk; 1IEH




• epak ,yj;jpud; Vw;wy; ntg;gTs;Siw khw;wk;

EGH




• mad;Nru;itnahd;wpd; epak rhyf ntg;g

Ts;Siw khw;wk;  LH




2.2.5 )(H H


  : I Neuhf ,y;yhj Kiwapy;

Jzpjy; - vRtpd; tpjp

• jhf;fq;fspd; epak jhf;f ntg;g

Ts;Siw

2.3 rhyf ntg;gTs;Siw my;yJ mad;Nru;it

xd;wpd; Njhd;wy; ntg;gTs;Siw: Nghd; Vgu;

rf;fuk;

2.4 ,urhadj; jhf;fq;fspd; RahjPd jd;ik

• xU ,urhadj; jhf;fj;jpd; epak ve;jpug;gp

khw;wk;

• fpg;]pd; RahjPd rf;jpAk; (G), jhf;fj;jpd;
RahjPd jd;ikAk;

• fpg;]pd; RahjPd rf;jpAk; (G)> jhf;fj;jpd;
RahjPd jd;ikAk;

 2. rf;jpapay;
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rf;jpapay; - ntg;g ,urhadk;

,t;tyfpy; rf;jpkhw;wk; ntg;gtbtpy; epfo;tJ gw;wp my;yJ mjd; gq;fspg;Gg; gw;wpa

fw;if gw;wpf; fye;Jiuahlg;gLfpd;wJ. Vwf;Fiwa vy;yh ,urhadj; jhf;fq;fSk;

nghJthf ntg;g tbtpy; rf;jpia cwpQ;Rfpd;wd my;yJ ntsptpLfpd;wd. ntg;gj;jpw;Fk;>

ntg;grf;jpf;Fkpilapy; cs;s NtWghl;il tpsq;fpf; nfhs;tJ kpfTk; Kf;fpakhFk;.

NtWgl;l ntg;gepiyfspYs;s ,uz;L nghUl;fSf;fpilapy; epfOk; ntg;grf;jpapd;

,lkhw;wk; ntg;gk; MFk;. mj;Jld;> nghJthf ehk; #lhd nghUspy; ,Ue;J Fspuhd

nghUspw;F ntg;gk; gha;tJ gw;wpg; NgRfpd;Nwhk;. “ntg;gk;” vd;Dk; gjk; “jhNd

ntg;grf;jpapd; ,lkhw;wj;ijf; Fwpg;ghf czu;j;jpDk;” xU nrad;Kiw eilngWk;

nghOJ Vw;gLk; rf;jpkhw;wq;fis tpgupg;Nghkhapd; ‘ntg;gk; cwpQ;rg;gl;lJ’ my;yJ

‘ntg;gk; ntsptplg;gl;lJ’ vdg; NgRfpd;Nwhk;. ,urhadj; jhf;fq;fspd;NghJ eilngWk;

ntg;gkhw;wk; gw;wpa fw;if ntg;g ,urhadkhFk;.  mj;Jld; ntg;g ,urhad epfo;Tfisf;

fUJk; nghOJ mit vg;NghJk; Rl;Lk; epiy epak epiy MFk;.

,g;ghlk; %yf;$w;W kl;lj;jpy; eilngWk; rf;jp khw;wq;fs; gw;wpa fw;ifAlDk;  mjd;

tpisthfj; njhFjpapy; Vw;gLk; khw;wq;fSlDk; njhlu;Ggl;lJ. ,J rk;ge;jkhf

ntg;g ,urhadj;jpy; mlq;fpAs;s mbg;gilr; nrhw;gjq;fs; Kjypy; tiuaWf;fg;gl;L

tpsq;fpf; nfhs;sg;gly; Ntz;Lk;. cwpQ;rg;gLk; my;yJ ntsptplg;gLk; rf;jpapd; msTld;

njhlu;Gila Nfj;jpufzpjf; FwpaPLfs;  “+”, “-” Mfpatw;wpd; Kf;fpaj;Jtj;ij tpsq;fpf;

nfhs;tJld; mit jhf;fq;fspd; tiffis Gwntg;g> mfntg;gj; jhf;fq;fs; vd

tpsf;Ftjw;Fk; gad;gLfpd;wJ. mjd;gpd;du; ntt;NtW ,urhad epfo;Tfspy;/

jhf;fq;fspy; Vw;gLk; ntg;gcs;Siw khw;wq;fis tiuaWj;jYk;> epak epiyf;F

tpupthf;fg;gl;L gw;wpa fye;JiuahlYk; eilngWk;> mbg;gil ntg;g ,urhad tpjpfs;

(vRtpd; tpjp) ,urhad epfo;Tfspy; fzpj;jYf;Fg; nghUj;jkhd ,lq;fspy;

gad;gLj;jg;gLk;. ,Wjpahf xU jhf;fk; eilngWtjw;fhd rhj;jpak; ve;jpug;gp> ntg;g

cs;Siw> fpg;]pd; rf;jp rhu;ghff; fye;Jiuahlg;gl;L (G = H - TS) jhf;fq;fs;

Rakhf epfo;jy; gw;wp vjpu;T $wg;gLk;.

2.1 ntg;g ,urhadj;jpYk; ntg;g ,af;ftpaypYk;cs;s mbg;gilg;

gjq;fs;; (Basic Terms)

2.1.1 njhFjp> #oy;> vy;iy

mbg;gil vz;zf;fUf;fs; ntg;g ,urhad tpjpfs;> Mfpatw;iw tiuaWf;fTk;>

tpsf;fTk;;> tpsq;fpf;nfhs;Stjw;Fk; ,k; Kf;fpa gjq;fs; gad;gLj;jf;$bajhf

,Uf;Fk;.

njhFjp

rlg;nghUspd; VjhtnjhU gFjp my;yJ mfpyj;jpypUe;J fw;wha;tjw;fhfg; gpupj;

njLf;fg;gl;l gFjp ntg;g ,urhadj; njhFjp vd tiuaWf;fg;gLk;. (my;yJ

fw;wYf;F cl;gLj;jg;gl;l nghUs;> njhFjp vd vspjhf tiuaWf;fg;gLk;)
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#oy;

fw;wYf;fhf mfpyj;jpypUe;J Nju;e;njLf;fg;gl;l  njhFjpapd; gFjp my;yhjdTk;>

njhFjpAld; ,ilj;jhf;fk; milaf;$ba  ahTk; #oy;  vdg;gLk;.  (my;yJ

njhFjpf;F ntspg;Gwkhf cs;s ahTk;)

vy;iy

#oiyAk; njhFjpiaAk;  Ntwhf;Fk; tpspk;G vy;iyahFk;.

cjhuzk;:- FLit (flask)apd; Rtu;

cU 2.1  njhFjp #oy; vy;iy vd;gtw;wpd; vLj;Jf;fhl;L

2.1.2 njhFjpfspd; tiffs;

njhFjpf;Fk; #oYf;Fk; ,ilapyhd ,ilj;jhf;fq;fspd;  / nrad;Kiwfspd;

mbg;gilapy;  ntt;NtW tifahf njhFjpfs; tiuaWf;fg;gLk;.

 jpwe;j  njhFjp (open system)

xU njhFjp rf;jpiaAk;> rlg;nghUisAk; / jpzpitAk; #oYld; gupkhw;Wk;

Mapd; mJ jpwe;j njhFjp vdg;gLk;. cjhuzkhf cg;G ePu;f; fiuriyf;

nfhz;l jpwe;j Nghj;jy; jpwe;j njhFjpiag; gpujpepjpj;Jtg;gLj;Jk;;. ,q;F rlg;nghUs;

my;yJ ntg;gk; xNu Neuj;jpy; my;yJ jdpj;jdpahf njhFjpapypUe;J #oYf;F

my;yJ #oypypUe;J njhFjpf;Fr; Nru;f;fg;glyhk; my;yJ mfw;wg;glyhk;.

 %ba njhFjp (closed system)

vy;iyapD}lhfr; rf;jpiag; gupkhw;wk; nra;a mDkjpf;Fk; njhFjp Mdhy;

rlg;nghUs; gupkhw;wj;ij mDkjpf;fhj njhFjp %ba njhFjp vdg;gLk;.

cjhuzkhf milf;fg;gl;l Nghj;jypDs; cs;s jputk; mjd; MtpAld; rkepiy

apypUf;Fk;NghJ %ba njhFjpiag;  gpujpepjpj;Jtg;gLj;Jk; ntg;gNkw;wg;gLk;NghJ

my;yJ Fsp&l;lg;gLk; NghJ mg;Nghj;jypy; cs;s nghUspdhy; KiwNa rf;jp

cwpQ;rg;gLk; my;yJ ntsptplg;gLk;. Mdhy; rlg;nghUis milf;fg;gl;l

Nghj;jypw;Fs; (Mtp my;yJ jputk;) Nru;f;fNth> mfw;wNth KbahJ.

 jdpikg;gLj;jpa njhFjp (isolated system)

rf;jpiaAk; rlg;nghUisAk; #oYld; gupkhw;wk; nra;ahj njhFjp jdpikg;gLj;jpa

njhFjp vdg;gLk;. cjhuzkhf %b milf;fg;gl;l ntg;gf; FLitapYs;s xU

khjpup (sealed thermosflask) ntg;gf;FLitapd; Rtu;fs; fhtypg; gjhu;j;jq;fshy;

Mf;fg;gl;lJ. ,J xU jdpikg;gLj;jpa njhFjp MFk;.

#oy;

njhFjp;

vy;iy
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     (a)                                 (b)                                (c)

              cU 2.2 tplar;RUf;fkhd Njhw;wk; (schematic view)

            (a)  jpwe;j         (b)  %ba (c) jdpikg;gLj;jpa

   njhFjpfs;

 Vftpd> gy;ypd njhFjpfs;

xU njhFjpapy; cs;s rlg;nghUs;fs; vy;yhtw;wpdJk; ngsjpf epiyfs; xNu

khjpupahfTk; (rPuhdjhfTk;) ,Ue;jhy; mj;njhFjp Vftpdkhd njhFjpahFk;.

cjhuzkhf thAf;fspd; fyit> Kw;whff; fyf;Fk; jfTs;s jputq;fspd; fyit

Vidait. xU njhFjpapYs;s cs;slf;fq;fs; ahTk; xNu ngsjpfepiyapy;

,y;yhjpUf;Fk; nghOJk; mj;njhFjp gy;ypdj;njhFjpahFk;. cjhuzk; fyf;Fk;

jftw;w jputq;fs;> jpz;kKk; fyf;Fk; jftw;w jputKk; njhlu;gpy; ,Uj;jy;>

jpz;kk; thATlDk; njhLifapy; ,Uj;jy; Nghd;wit.

2.1.3 njhFjpnahd;wpd; ,ay;Gfs;

 Ez;ghu;itf;Fupa ,ay;Gfs;

xU njhFjp Ez;ghu;itf;Fupa njhFjp vd miof;fg;gLk; nghOJ mJ fpl;lj;jl;l

mZg;gupkhzj;ijf; nfhz;bUf;Fk;. mjhtJ mZ my;yJ %yf;$w;W gupkhzq;

fisf;; nfhz;bUf;Fk;nghOJ mjd; ,ay;Gfs; Neupy; /  Neuhf ,y;yhj

Kiwfspdhy; jPu;khdpf;fg;gLk;. mjhtJ %ba ghj;jpuj;jpYs;s mZf;fs; my;yJ

%yf;$Wfspd; ,af;frf;jp> Ntfk; Nghd;wit.

 ngUk;ghu;itf;Fupa ,ay;Gfs;.(mstplf;$ba ,ay;Gfs;)

njhFjpapd; gupkhzj;JlDk;> ngUk;ghu;itf;Fupa epiyAlDk; ,ize;j

,ay;GfshFk;. cjhuzk; mKf;fk;> fdtsT> ntg;gepiy> nrwpT> mlu;j;jp>

ghFj;jd;ik> Nkw;gug;G ,Otpir> > xspKwpTr; Rl;b> epwk;  etc ngUk;ghu;itf;Fupa

,ay;Gfs; vd miof;fg;gLk;.

xU njhFjpapYs;s ngUk;ghu;itf;Fupa ,ay;Gfspd; tiffs;

xU njhFjpapYs;s mstplf;$ba ,ay;Gfs; ,U tiffshfg; gpupf;fg;gLk;.

1. tpuptpay;Gfs; 2. nrwptpay;Gfs;

rlg;nghUs;

rf;jp rf;jp

jpwe;j njhFjp;
jdpikg;gLj;jpa

    njhFjp
>

>

%ba njhFjp

rf;jp rf;jp
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tpuptpay;Gfs;; (extensive properties)

xU njhFjpapd; jpzpT my;yJ gUkdpy; jq;fpAs;s ,ay;Gfs; tpuptpay;Gfs; vdg;gLk;.

cjhuzk;: fdtsT> %y;fspd; vz;zpf;if> jpzpT> rf;jp> mfr;rf;;jp /cs;sPl;Lr; rf;jp

(internal energy) Nghd;wit. gy gFjpfshfg; gpupf;fg;gl;Ls;s njhFjpapd; tpupthd

,ay;G> mj;njhFjpapd; rpW gFjpfspd; tpupthd ,ay;gpd; $l;Lj;njhiff;Fr; rkkhFk;.

jputq;;fs; 1> 2> 3 %d;wpd; jpzpTfs; KiwNa m
1
g , m

2 
g , m

3 
g fyf;fg;gl;lhy; mt;tpisTj;

njhFjpapd; nkhj;jj; jpzpT mNj ntg;g mKf;f epiyapy; m
1
g + m

2 
g ,+ m

3 
g f;Fr;

rkdhFk;.  vdNt jpzpT Xu; tpuptpay;ghFk;.

nrwptpay;Gfs;; (intensive properties)

xU njhFjpapd; jpzptpNyh my;yJ gUkdpNyh jq;fpapuhj ,ay;Gfs; nrwptpay;Gfs;

vdg;gLk;. cjhuzkhf xU njhFjpapd; xspKwpTr; Rl;b> Nkw;gug;G ,Otpir> mlu;j;jp>

ntg;gepiy> nfhjpepiy> ciwepiy Nghd;witahFk;. ,t;tpay;Gfs; mj;njhFjpapy;

cs;s gjhu;j;jj;jpd; %y; vz;zpf;iffspy; jq;fpapUg;gjpy;iy.

xU tpuptpay;G xU %ypw;F my;yJ xU fpuhkpw;F my;yJ xU cm3w;F (mjhtJ xU

myfpw;F) $wg;gLk; nghOJ mt;tpuptpay;G Ez; ,ay;ghf khWk;. cjhuzkhf  jpzpT>

fdtsT> ntg;gf;nfhs;ssT Mfpad tpuptpay;GfshFk;.  mNj Neuj;jpy; mlu;j;jp>

%yu;f;fdtsT (molar volume) jd;ntg;gf;nfhs;ssT (specific heat capacity) Mfpad

nrwptpay;GfshFk;.

2.1.4 xU njhFjpapd; epiy

xU njhFjpapd; ngUk;ghu;itf;Fupa ,ay;Gfspd; Fwpj;j ngWkhdq;fs; njupe;jpUg;gpd;

mj;njhFjp vg;ngsjpf epiyapy; cs;snjdf;  Fwpg;ghff; $wyhk;.  cjhuzkhf

thA epiyapy; cs;s xU  rlg;nghUs;  mKf;fk; p,  fdtsT v,  ntg;gepiy T

Nghd;w rhuhkhwpfshy; tpgupf;fg;gLfpd;wJ. ,g;gupkhzq;fspd; mjhtJ rhuhkhwpfspd;

ngWkhdq;fs; mr; rlg;nghUs; jput epiyapy; ,Uf;Fk;nghOJ khw;wkilAk;. vdNt

xU njhFjpapd; epiy>  mstplg;glf;$ba mj;njhFjpapd; Fwpj;j ngUk;ghu;itf;

Fupa ,ay;Gfshy; tiuaWf;fg;gLfpd;wJ

njhlf;fepiy (intial state)

xU njhFjpapd; njhlf;fepiyahdJ mj;njhFjp #oYld; vt;tpj ,ilj;jhf;fjpw;Fk;

cl;glKd; ,Ue;j Muk;gepiyiaf; Fwpf;Fk;.

KbTepiy (final state)

xU njhFjp #oYld; ,ilj;jhf;fk; mile;J Kbj;jgpd;G ,Uf;Fk; epiy KbT

epiyahFk;. xU njhFjp #oYld; gjhu;j;jk;> my;yJ ntg;gk; my;yJ rf;jp my;yJ

ahtw;iwAk; gupkhWtjd;%yk; ,ilj;jhf;fk; mila KbAk;.
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xU njhFjpapd; epiyia tpgupf;fg; gad;gLk; P, V, T, mikg;G> n (%y;fspd; msT)

Nghd;wit epiy khwpfs; my;yJ epiyj; njhopw;ghLfs; vdg;gLk;. xU njhFjpapd;

epiy khw;wkilAk;nghOJ mj;njhFjpapd; epiykhwpfspd; ngWkhdq;fs; khw;wkilAk;.

vdNt epiynjhopw;ghLfs; njhFjpapd; njhlf;f> ,Wjp epiyfspy; kl;LNk jq;fpAs;sJ.

mk;khw;wk; vt;thW epfo;e;jJ vd;gjpy; jq;fpapUg;gjpy;iy. xU njhFjpapd; epiy

khwpfspd; (epiyj;njhopw;ghLfspd;) ngWkhdq;fs; njupe;jhy; Vida jpzpT> ghFj;jd;ik>

mlu;j;jp Nghd;w mj;njhFjpapd; vy;yh ,ay;GfSk; njspthff; Fwpg;gplg;glyhk;.

epiykhwpfs; xd;wpw;nfhd;W rhu;Gs;sjhapUg;gjhy; (interdependent) xU njhFjpapd;

epiyiaf; Fwpg;gjw;F vy;yh epiykhwpfSk; Njitaw;wJ. rpy epiykhwpfs;

njupe;jpUj;jy; NghJkhdJ.

epak epiy (standard state)

Fwpg;gplg;gl;l ntg;gepiyapy;> xU njhFjpapy; ntg;gkhw;wk;  epfo;tij

fUJk; nghOJ> epak mKf;fk; P0 I khw;Nww;W mKf;fkhf Fwpf;fg;gLtJ

mtrpak;. xU jug;gl;l gpuNahfj;jpYk; epak mKf;fk; khwhg; ngWkhdk ;

cilaJ. IUPAC apdhy; rpghu;R nra;ag;gl;l P0 ,d; ngWkhdk; 1 atm

(jpUj;jkhf 101325 Pa) (tiuaWf;fg;gl;l epak ntg;gepiy ,y;iy vd;gijAk;

vt;thwhapDk; 298 K ntg;gepiy epak ntg;gepiyahfr; rpy rkaq;fspy;

Fwpg;gplg;gLfpwJ vd;gijAk; ftdj;jpw;; nfhs;sNtz;Lk;.) xU J}a

gjhu;j;jj;jpd; epak epiy mjw;Fg; nghUj;jkhd mtj;ijapd; khw;Nww;W

epiyapy; nrwpT khwpfshy; tpgupf;fg;gLk;. cjhuzkhf jpz;k ,Uk;gpd;

epak epiyapy; J}a ,Uk;G xU tspkz;ly mKf;fj;jpy; jug;gl;l

ntg;gepiyapy; (500 K).  epak epge;jidfis mg;gupkhzj;jpw;Fupa FwpaPl;by;

Nky; vOj;J ‘0’ Nru;g;gjd; %yk; Fwpg;gplg;gLfpd;wd. (H, G, S

Vidait). fiury;fs; rk;ge;jg;gLk; nghOJ nrwpT 1 mol dm-3 vdf;

Fwpf;fg;gLk;. fiury;fSf;F epakepiy nrwpT mol dm-3 MFk;.

Rakhd / jd;dpr;irahd nrad;Kiwfs; (spontaneous process)

ntspj;J}z;ly; vJTkpd;wpj; jhdhfNt eilngWk; nrad;Kiwfs;. cjhuzkhf cNyhff;

Nfhypd; #lhd KidapypUe;J Fspuhd Kidf;F ntg;gk; flj;jy; epfOk;. ,r;nrad;

Kiwapy; mj;njhFjp njhlf;fepiyapypUe;J ,Wjp epiyf;F epiykhw;wkiljy; Fwpj;j

jpirapy; khj;jpuk; epfOjy; rhjfkhdjhFk;. Rakhf epfOk; gy nrad;Kiwfs; ngUk;ghYk;

,aw;ifahd nrad;KiwfshFk;. mj;Jld; ,it kPsKbahj nrad;KiwfshFk;.

(jd;dpr;iraw;w) Rakhf epfohj nrad;Kiwfs; (non spontaneous process)

Rakhf eilngwKbahj nrad;Kiwfs; MFk;. cjhuzkhf fhgd; (C) tspapy;

vupe;J CO
2
 I cUthFk;NghJ ntg;gj;ij ntsptpLfpd;wJ. vdpDk; mJ Rakhfg;

gw;wp vupakhl;lhJ. ,jid Muk;gpf;f ntg;gk; toq;fNtz;bAs;sJ.
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kPSk; ,ay;Gs;s nrad;Kiwfs; (reversible process)

xU kPSk; nrad;Kiwapy; xU njhFjp njhlf;fepiyapypUe;J ,Wjpepiyf;F

khWk;nghOJ nra;ag;gLk; njhlu; khw;wq;fisj; jpUj;jkhd Kiwapy; kPsr; nra;jy;

rhj;jpakhfyhk;. njhlf;f epiyapYUe;J ,Wjpepiyf;F khw;wkilAk;nghOJ mk;khw;wk;

rpwpa gbKiw fspD}lhf kpf nkJthf epfo;j;Jk;NghJ kPSk;jd;ik rhj;jpakhFk;.

,t;thW nra;Ak;NghJ xt;nthU ,ilepiyAk; #oYld; rkepiyapy; ,Uf;Fk;. ,j;jifa

epge;jidfspd; fPo; njhFjpapd; njhlf;f ,Wjp epiyfs; Kw;whf kPSk; jd;ikiag;

ngWfpd;wJ. cjhuzk; gdpf;fl;b (ice) cUFk; nghOJ Fwpj;j msT ntg;gk; cwpQ;rg;

gLfpd;wJ. mNj msT ntg;gj;ij me;ePupypUe;J mfw;Wk; NghJ ePu; gdpf;fl;bahf

khWfpd;wJ.

kPsh ,ay;Gs;s nrad;Kiwfs; (irreversible process)

kPsh ,ay;Gs;s nrad;Kiw vdg;gLtJ #oypy; epiyahd khw;wj;ij Vw;gLj;jhJ

njhlf;f epiyia kPsg; ngwKbahj nrad;KiwahFk;. ngUk;ghyhd Rakhf epfOk;

nrad;Kiwfs; ,aw;ifahf kPSk; jd;ikaw;wit. cjhuzk; capupay; %g;nga;jy;

xU kPshj ,ay;Gs;s nrad;KiwahFk;. jhdhfNt xU kiyapypUe;J ePu; fPo;Nehf;fpg;

gha;jy; xU kPshj ,ay;Gs;s nrad;KiwahFk;.

2.1.5 ntg;g cs;Siw (vd;jy;gp) (H)

ngUk;ghyhd ngsjpf khw;wq;fSk; ,urhad khw;wq;fSk; khwh mKf;f epge;jidfspy;

eilngWfpd;wd my;yJ elj;jg;gLfpd;wd. nghJthf Ma;T $lj;jpy; jhf;fq;fisr;

#oYf;Fj; jpwe;j FLitfspYk; KfitfspYk;> gupNrhjidf; Foha;fspYk; elhj;Jk;

nghOJ mq;F njhopw;gLk; mKf;fk; mz;zsthf xU tspkz;ly mKf;fkhFk;.

(1atm  105Pa) khwh mKf;fr; nrad;Kiwfspy;  njhFjpapDs;Sk; ntspNaAk; Vw;gLk;

ntg;gg;gha;r;riyr; (heat flow) fzpag;gFj;Jtjw;F ,urhadtpayhsu; (vd;jy;gp) ntg;g

cs;Siw vd;Dk; ,ay;ig (property) cgNahfpf;fpd;wdu;. ,J H vd;Dk; FwpaPl;bdhy;

Fwpf;fg;gLk;. khwh mKf;fj;jpy; ntg;g khw;wk; rkd;  ntg;gTs;Siw vd;Dk; njhlu;igf;

Fwpf;fpd;wdu;. vd;jy;gp (ntg;gcs;Siw) xU tpupthd ,ay;ghFk;. ,jd; gUkd;

gjhu;j;jj;jpd; mstpy; jq;fpAs;sJ. xU gjhu;j;jj;jpd; ntg;g cs;Siwiaf; fzpg;gJ

rhj;jpakw;wJ. vdNt ehk; cz;ikapy; msg;gJ ntg;g cs;Siw khw;wk; (H)

xU jhf;fj;jpd; ntg;g cs;Siw khw;wk; H tpisTfspd; ntg;gcs;Siwf;Fk;

jhf;fpfspd; ntg;gcs;Siwf;Fk; ,ilNa cs;s NtWghlhFk;.

H = H
tpisTfs; 

- H
jhf;fpfs;
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2.1.6 ntg;gk; (Heat)

ntg;gcs;Siw khwh mKf;fj;jpy; ntg;gj;jpw;Fr; (q) rkkhf ,Ug;gjhy; ehk; ntg;g

khw;wj;jpw;fhd mstPLfisf; fUj;jpw; nfhs;syhk;. Ma;T$lj;jpy; ngsjpf> ,urhadr;

nrad;Kiwfspy; Vw;gLk; ntg;gkhw;wq;fs; fNyhupkhdp nfhz;L mstplg;gLfpwJ.

,j;NjitfSf;fhf tbtikf;fg;gl;l  %ba nfhs;fyd; fNyhupkhdp vdg;gLk;. ntg;g

khw;wj;ijf; fzpg;gpLtjw;F Kjypy; ehk; jd;ntg;gk; ntg;gf; nfhs;ssT Mfpatw;iw

tpsq;fpf; nfhs;sy; Ntz;Lk;.

jd;ntg;gKk; ntg;gf; nfhs;ssTk;

jd;ntg;gk; (s)  xU fpuhk; gjhu;j;jj;jpd; ntg;gepiyia  xU ghif nry;rparpD}lhf

(Celsius) cau;j;Jtjw;Fj; Njitahd ntg;gj;jpd; msthFk;.

ntg;gf; nfhs;ssT (C)  xU jug;gl;l msT gjhu;j;jj;jpd; ntg;gepiyia xU ghif

nry;rparpD}lhf cau;j;Jtjw;Fj; Njitahd ntg;gj;jpd; msthFk;. jd;ntg;gk; xU

nrwptpay;G Mdhy; ntg;gf;nfhs;ssT xU tpuptpay;G ntg;gf; nfhs;sstpw;Fk;

jd;ntg;gj;jpw;Fkhd njhlu;G

C = ms

,q;Nf m MdJ gjhu;j;jj;jpd; jpzpitf; fpuhkpy; $Wjy;.

Fwpg;G: jd;ntg;gj;ijf; Fwpg;gjw;Fr; rpyNtisfspy; c gad;gLj;jg;gLk;

cjhuzkhf ePupd; jd;ntg;gk; 4.184J g-1  0C-1, mj;Jld; 100.0 g ePupd; ntg;gf; nfhs;ssT

(100.0g)(4.184Jg-1C-1) = 418.4J 0C-1 jd;ntg;gj;jpd; myF Jg-1C-1 (my;yJ Jg-1K-1) ntg;gf;

nfhs;sstpd; myF J 0C-1 (my;yJ Jk-1) vd;gijf; ftdj;jpw; nfhs;f.

jd;ntg;gKk;>  gjhu;j;jj;jpd;  msTk;  njupe;jpUg;gpd;  khjpupapd;  ntg;gepiykhw;wk;

t [ntg;gepiy 0C] my;yJ T (ntg;gepiy K) nrad;Kiwapd; NghJ cwpQ;rg;gl;l

my;yJ ntsptplg;gl;l ntg;gj;jpd; msitg; gpd;tUk; rkd;ghL nfhz;L fzpf;fyhk;.

q = mst  my;yJ  q = msT

,q;F m - khjpupapd; jpzpT> t ntg;gepiy khw;wk; mjhtJ t = t 
KbT

 - t
Muk;gk;

> q MdJ

FwpaPl;L tof;F- ntg;gTs;Siw khw;wj;jpw;fhd FwpaPlhf mikAk;. mfntg;gr;

nrad;Kiwapd;NghJ cwpQ;rg;gl;l ntg;gj;jpd; msT q NeuhdJ. Gwntg;gj;

jhf;fj;jpd;NghJ ntsptplg;gl;l ntg;gj;jpd; msT kiwahdJ.
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2.2 NtWgl;l  ntg;g  ,urhadr; nrad;KiwfSld; / jhf;fq;fSld;

,ize;j ntg;g cs;Siw khw;wq;fSk; epak ntg;g cs;Siw

khw;wq;fSk;

H vLj;Jr; nrhy;tJ xU jhf;fj;jpd;NghJ khwh mKf;fj;jpy; cwpQ;rg;gLk; my;yJ

ntsptplg;gLk; ntg;gj;jpd; msthFk;. xU jhf;fj;jpd; ntg;gcs;Siw Neu; my;yJ

kiwg; ngWkhdKilaJ vd;gJ mr;nrad;Kiwapy; jq;fpAs;sJ. xU jhf;fj;jpd; nghOJ

Vw;gLk; ntg;g cs;Siw khw;wk; mj;njhFjpapy; cs;s gjhu;j;jj;jpd; mstpw;F Neu;tpfpj

rkkhFk;.

2.2.1 Gwntg;g> mfntg;gr; nrad;Kiwfs;

ntg;g ,af;fr; nrad;Kiw Xu; ,urhadj; jhf;fk; my;yJ ngsjpf khw;wkhf ,Uf;Fk;

nghOJ mk;KOr; nrad;Kiwapy; Vw;gLk; ntg;gg;gha;r;rypd; jpirapd; mbg;gilapy;

mk;khw;wk; mfntg;gj; jhf;fk; my;yhj Gwntg;gj; jhf;fk; vd tifg;gLj;jg;gLfpwJ.

mt;tpU nrad;KiwfSk; gpd;tUkhW NtWgLj;jg;gLfpd;wd.

ml;ltiz 2.1 mfntg;g> Gwntg;gr; nrad;KiwfSf;fpilapyhd xg;gPL

mfntg;gr; nrad;Kiw       Gwntg;gr; nrad;Kiw

xU nrad;Kiwapd; Muk;gepiy ,Wjp

epiyahf khw;wg;gLk;NghJ ntg;gk;

ntsptplg;gLkhapd;; m r ; n rad ;Kiw

Gwntg;gr; nrad;Kiw vdg;gLk;.

njhFjpapd; ,Wjpepiy njhlf;f /Muk;g

epiyapYk; jho;rf;jpAilaJ. Nkyjpf

rf;jp ntg;gkhf ntsptplg;gLk;.

cjhuzk;:  vy;yh jfdr; nrad;KiwfSk;

Gwntg;gj; jhf;fq;fshFk;.

ngsjpf khw;wk; Gwntg;gjhf;fkhapd;

njhlf;f epiyia ,Wjp epiyf;F khw;W

tjw;F ntg;gk; ntspNaw;wg;gl  (ePf;fg;

gl) Ntz;Lk;. xU jputk; ciwAk;

nghOJ ntg;gk; ntsptplg;gLk;.

xU nrad;KiwahdJ ntg;gk; cwpQ;rg;

gLtjd; %yk; Muk;g epiy ,Wjpepiyahf

khw;wkilAnkdpd; mr;nrad;Kiw

mfntg;gr; nrad;Kiw vd miof;fg;gLk;.

njhFjpapd; ,Wjpepiy njhlf;f / Muk;g

epiyapYk; cau;rf;jpAilaJ. khw;wj;jpw;

Fj; Njitahd Nkyjpf rf;jp njhFjp

apdhy; ntg;gkhf #oypypUe;J cwpQ;rg;

gLk;.  c+k;: mNkhdpak; FNshiul;il

ePupy; fiuj;jy;.

nghJthf mfntg;g ngsjpf khw;wq;fspd;

NghJ Muk;g / njhlf;fepiyia ,Wjp

epiyf;F khw;Wtjw;F ntg;gk; toq;fg;

gLfpd;wJ. cjhuzk; xU jpz;kj;jpw;F

ntg;gj;ij toq;Ftjd; %yk; cUfr;

nra;jy; mfntg;gj; jhf;f nray;Kiw

ahFk;.
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jhf;fp + rf;jp (ntg;gk;)  tpisTfs;

  2 (g) 2 (g) (g)

1 1
N + O 90 kJ NO

2 2
 

Xu; mfntg;gr; nrad;Kiwf;F H Neu;g;

ngWkhdk; MFk;. (+) (njhFjpapdhy;

#oypypUe;J ntg;gk;  cwpQ;rg;gLfpd;wJ.)

mjhtJ H > 0)

jhf;fp  tpisTfs; + ntg;gk;

2 (g) 2 (g) 2 (g)

1
H + O H O  + 242 kJ

2


XU Gwntg;gr; nrad;Kiwf;F H  kiwg;

ngWkhdk; MFk;. (-)  (njhFjpapypUe;J

#oYf;F ntg;gk; ,of;fg;gLfpd;wJ.)

mjhtJ H < 0)

tpisTfs;

n
t
g
;g
 
c
s
;S
i
w

jhf;fpfs; tpisTfs;n
t
g
;g
 
c
s
;S
i
w

jhf;fpfs;

khwh mKf;fj;jpy; msf;fg;gLk; ntg;gkhw;wk; njhFjpapy; Vw;gLk; ntg;gTs;Siw

khw;wj;ijf; Fwpf;Fk;. khwh mKf;fj;jpy; njhopw;gLk; fNyhupkhdpia cgNahfpj;J

xU nrad;Kiwapd; NghJ Vw;gLk; ntg;gTs;Siw khw;wj;ij Neubahf msf;f

KbAk;.

epak ntg;g cs;Siw khw;wq;fs;

xU jhf;fj;jpd; Muk;gepiy (jhf;fpfs;)> ,Wjpepiy (tpisTfs;) ahtw;iwAk; jpUj;jkhf

(precisely) tpgupf;Fk;NghJ> mj;jhf;fj;jpw;Fupa msf;fg;gl;l ntg;g cs;Siw khw;wk;

jdpj;Jtkhd (unique) ngWkhdk; cilajhf ,Uf;Fk;. jhf;fpfSf;Fk; tpisTfSf;Fk;

epak epiyia tiuaWj;jhy; (105Pa mKf;fKk; Mu;t ntg;gepiy) jhf;fpfSk;>

tpisTfSk; epak epiyapy; cs;s jhf;fq;fspd; ntg;g cs;Siw khw;wk; mj;jhf;fj;jpd;

epak ntg;g cs;Siw khw;wk; vd vk;khy; $wKbAk;. mt;thW miof;fg;gLk; epak

ntg;g cs;Siw khw;wk;> “degree” FwpaPl;Lld; H  Fwpf;fg;gLk;. epak epiyapd;

tiutpyf;fzj;jpy; ntg;gepiy gq;F nfhs;shtpbDk; H ngWkhdq;fs; ntg;gepiy

apy; jq;fpapUg;gjhy; epak cs;Siwg; ngWkhdq;fis ml;ltizg;gLj;Jk;NghJ

ntg;gepiy Fwpg;gplg;gl Ntz;Lk;. ,g;ghlj;jpy; (text) ntg;gepiy Fwpg;gplhjtiu

jug;gl;Ls;s epakntg;gepiyg; ngWkhdq;fs; 298.15K my;yJ 250C vd vLf;fg;gLk;.

vspa Kiwapy; gpd;tUkhW epakjhf;f ntg;gTs;Siwia tiuaWf;fyhk;.

#oy;

njhFjp
ntg;gk;

#oy;

njhFjp
ntg;gk;

>> > >> >
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epak epge;jidapd; fPo; xU jhf;fj;jpy; jug;gl;l jhf;fpfspd; msTfs;

jhf;fkile;J epakepiyapy; cs;s tpisTfis cUthf;Fk;nghOJ Vw;gLk;

ntg;gTs;Siw khw;wk; epak jhf;fntg;gTs;SiwahFk;.

2.2.2 ntg;g ,urhadr; rkd;ghLfs;

epak tof;fFwpaPl;Lld; H (my;yJ H ) ngWkhdj;ijf; nfhz;Ls;s rkd; nra;j ,urhadr;

rkd;ghLfs;> mj;jhf;fj;jpd;  ntg;g ,urhadr; rkd;ghL vdg;gLk;. gpd;tUk; tof;ff;

FwpaPLfs; (conventions) ntg;g ,urhadr; rkd;ghl;by; Nru;f;fg;glNtz;baJ mtrpakhFk;.

1. rkd; nra;j ntg;g ,urhadr; rkd;ghl;by; cs;s gPrkhd Fzfq;fs; xU jhf;fj;jpy;

<LgLk; jhf;fpfspdJk; tpisTfspdJk; %y;fspd;  vz;zpf;ifiaf; Fwpf;Fk;.

2. xU jhf;fj;jpd; ntg;gcs;Siw khw;wj;jpd; myF kJ mol-1. NkYk; jhf;fj;jpy;

<LgLk; jhf;fpfspd; tpisTfspd; vz;zpf;if xU %ypYk; mjpfkhf ,Ug;gpDk;

ntg;g cs;Siw khw;wj;jpd; myF khw;wkilahJ. Mdhy; ngWkhdk; khw;w

kilAk;.

3. Xu; ,urhadj;jhf;fk;> gpd;Kfkhf epfOk;NghJ H vz; ngWkhdk; khw;wkilahJ.

Mdhy; FwpaPL vjpuhf khwpaikAk;. (same magnitude with reversed in sign).

4. jhf;fpfs; tpisTfspdJ ngsjpf epiyapy; (mtj;ijapy;) H (my;yJ H)

jq;fpapUg;gjhy; ntg;g ,urhadr; rkd;ghl;by; vy;yhf; $WfspdJk; ngsjpf

epiy mtj;ij Fwpg;gplg;gl Ntz;Lk;.

5. Xu; ntg;g ,urhadr; rkd;ghL xU vz;zpdhy; ngUf;fg;gl;lhy;> ntg;g cs;Siw

khw;wKk; mt;ntz; ngWkhdj;jpdhy; ngUf;fg;glNtz;baJ mtrpak;.

6. H  ngWkhdk; kiwg; ngWkhdj;ijf; nfhz;bUe;jhy; mj;jhf;fk; Gwntg;gj;jhf;fk;

vdg; nghUs;gLk;;. Neu;f;FwpaPl;il H    ngWkhdk; nfhz;bUe;jhy; mj;jhf;fk;

mfntg;gj; jhf;fkhf mikAk;.

cjhuzk;;:

gpd;tUk; jhf;fq;fisf; fUj;jpw; nfhs;f.

2H
2
(g) + O

2
(g)    2H

2
O(g) H = -483.7 kJ mol-1

2H
2
(g) + O

2
(g)    2H

2
O(  ) H = -571.6 kJ mol-1

NkNy jug;gl;l ,urhadr; rkd;ghLfs; gy topfspy; mu;j;jq; nfhs;sg;gLfpd;wJ.

  483.7 kJ xU %y; jhf;fj;jpw;F ntsptplg;gLk; rf;jp

  483.7 kJ 2 %y; H
2
 jhf;fKWtjw;F ntsptplg;gLfpd;wJ

     483.7 kJ xU %y; O
2
 jhf;fKWtjw;F ntsptplg;gLfpwJ

  483.7 kJ 2 %y; ePuhtp cUthFk;NghJ ntsptplg;gLfpd;wJ
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jhf;fKWk; %y;fspd; vz;zpf;if jhf;fj;jpd; gPrkhdf; Fzfq;fSf;Fr; rkkhf ,Uf;Fk;

nghOJ> H jhf;fj;jpd; nghOJ Vw;gLk; ntg;gTs;Siw khw;wj;jpd; msitf;

Fwpf;fpd;wJ.

Fwpg;G:  ,e;epfo;tpy; 483.7 kJ mol-1 fUJtJ 2 %y; Ijurd; thA xU %y; xl;rprDld;

jhf;fKw;W 2 %y;fs; thAepiy ePiu cUthf;Fk; nghOJ 483.7 kJ ntg;gk;

ntsptplg;gLfpd;wJ vd;gjhFk;.

rpy Ntisfspy; Nkw;gb jhf;fk; gpd;tUkhW vOjg;glyhk;.

2H
2
(g) + O

2
(g)    2H

2
O(g) , H = -483.7 kJ mol-1

Fwpg;G: ,e;epfo;tpy; vOjg;gl;lijg; Nghd;W tiuaWf;fg;gl;l jhf;f msT (defined

extent of reaction) eilngWk;  nghOJ 483.7 kJ ntg;gk; ntsptplg;gLfpd;wJ.

jhf;f msT myifAilaJ. (extent of reaction) mol

Nkw;gb jhf;fj;jpw;F>

H = H  mol = -483.7 kJ mol-1  mol = -483.7 kJ

cjhuzkhf ehk; jhf;fq;fisg; gpd;tUkhW vOjpdhy;>

4H
2
(g) + O

2
(g)    4H

2
O(g)

mg;nghOJ ,j;jhf;fj;jpd; H ,id vOJNthk;. 2 H = -967.4 kJ.

,J fUJtJ Kjyhtjhd (Muk;g) H ngWkhdk; 2 ,dhy; ngUf;fg;glNtz;Lk;

vd;gJ MFk;. MfNt jhf;f mstpw;Fg; (extent of reaction) gjpyhf> jhf;fkilAk; xU

gjhu;j;jj;jpd; cz;ikahd msitg; gad;gLj;j KbAk;. mJ jhf;fj;jpy; <LgLk;

VjhtJ xU gjhu;j;jj;jpd; msitr; rkd;ghl;bypUf;Fk; mjd; gPrkhd Fzfj;jhy;

gpupj;jhy;>

NkNyAs;s jhf;fj;jpw;F ehk; ngWtJ (xl;rprDf;F)

H = -483.7 kJ mol-1  2 mol = -967.4 kJ

ehk; H kl;Lk; nfhLj;jhy; mJ ,t;thW mikAk; = -967.4 kJ mol-1

jhf;fq;fisg; gpd;tUkhW vOjpd;>

2H
2
(g) + 1

2
O

2
(g)    H

2
O(  ) H

f
 = -285.5 kJ mol-1

2H
2
(g) + 1

2
O

2
(g)    2H

2
O(g) H

f
 = -241.8.1 kJ mol-1

NkNy cs;s ngWkhdq;fspd; miug;gq;fhf ntg;g cs;Siwg; ngWkhdq;fs; ,Ug;gijg;

ghu;f;fyhk;.

nghJthff; $wpd; NkNy ,Uf;Fk; rkd;ghL H
2
 thA jfdkile;J ePiuf; nfhLg;gijf;

Fwpf;fpd;wJ. KjyhtJ jputePu; cUthjiyAk;> ,uz;lhtJ jhf;fk; ePuhtp

cUthjiyAk; fUJfpd;wJ. ,U jhf;fq;fSk; khwh ntg;g mKf;f epiyfisf;

Fwpf;fpd;wd. H ,d; kiwg;ngWkhdkhdJ ,J Xu; Gwntg;gj;jhf;fk; vd;gijf;

Fwpfhl;Lfpd;wJ.
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Kd;Kfj;jhf;fk; Gwntg;gkhf ,Ug;gpd;> gpd;Kfj;jhf;fk; mfntg;gkhf ,Uf;Fk;. mj;Jld;

vjpu;kiwahfTk; (vice-versa) mikAk;. ,t;tpjpia ,urhadr; nrad;KiwfSf;Fk;>

ngsjpfr; nrad;KiwfSf;Fk; gpuNahfpf;fyhk;.

2H
2
O(  )   2H

2
(g) + O

2
(g) H = +571.1 kJmol-1

2H
2
O(g)   2H

2
(g) + O

2
(g) H = +483.7 kJmol-1

2.2.3 ntg;g cs;Siw tupg;glq;fs; (Enthalpy diagrams)

gpd;tUk; jhf;fj;ijf; fUJf.

C
12

H
22

O
11

(s) + 12O
2
(g)   12CO

2
(g) + 11H

2
O(l) H= -5650kJmol-1

NkNy cs;s jhf;fj;jpd; H ngWkhdk; kiwahf ,Ug;gjd; fUj;J> tpistpd;

ntg;g cs;Siw jhf;fpapd; ntg;g cs;SiwapYk; FiwT vd;gjhFk;. ntg;gk; jhf;F

njhFjpapypUe;J #oYf;F ,of;fg;gLk;nghOJ njhFjpapd; ntg;g cs;Siw Fiwfpd;wJ.

Rf;FNuhrpd; jfdk; xU Gwntg;gj;jhf;fk;.

fPo;tUk; jhf;fj;jpy;

N
2
(g) + O

2
(g)   2NO(g) H = +180.50 kJmol-1

tpisT> jhf;fpapYk; cau; ntg;gTs;SiwAilaJ. vdNt H Neu;ngWkhdKilaJ.

ntg;gTs;Siw mjpfupg;gjw;Fr; #oypypUe;J ntg;gk; cwpQ;rg;gLfpwJ. vdNt ,j;jhf;fk;

Xu; mfntg;gj;jhf;fkhFk;. xU ntg;g cs;Siw tupg;glk; xU nrad;Kiwapy; Vw;gLk;

ntg;g cs;Siw khw;wj;jpid tuptbtpy; gpujpepjpj;Jtg;gLj;Jk; tiuglkhFk;.

Vw;fdNt  2.1 ml;ltizapw; fhl;batw;iw fPNo cs;s cUf;fs; 2.3 a, b Gwntg;gj;

jhf;fj;ijAk;mfntg;gj;jhf;fj;ijAk; tupg;glk; %yk; vt;thW vLj;J $wyhk; vdf;

fhl;Lfpd;wd.

cU 2.3 ntg;g cs;Siw tupg;glq;fs;

(a) mfntg;gr; (b) Gwntg;gr;
   nrad;Kiw    nrad;Kiw

jhf;fpfs;

n
t
g
;g
 
c
s
;S
i
w

tpisTfs;

tpisTfs;

jhf;fpfs;

n
t
g
;g
 
c
s
;S
i
w
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2.2.4 ntg;g cs;Siw khw;wq;fSk; epak ntg;g cs;Siw khw;wq;fSk;

 epak Njhd;wy; ntg;g cs;Siw khw;wk; H
f

epak Njhd;wy; ntg;g cs;Siw khw;wk; H
f
  epakepiyapy; cs;s xU %y;

gjhu;j;jk; epakepiyapy; cs;s mjd; Mf;ff;$w;W %yfq;fspd; (Fwpf;fg;gl;l) khw;Nww;W

tbtq;fspypUe;J Njhd;Wk;NghJ Vw;gLk; ntg;g cs;Siw khw;wkhFk;. 1 atm (101325Pa)

mKf;fj;jpYk;> jug;gl;l ntg;gepiyapYk; Vwj;jho vy;yh %yfq;fspw;Fk; rpytw;wpw;Fj;

jtpu khw;Nww;W tbtk; kpfTk; cWjpahdJ. FwpaPl;by; cs;s   ntg;g cs;Siw

khw;wk; epak ntg;g cs;Siw khw;wk; vd;gijAk; fPNo vOjg;gl;l FwpaPL (subscript)

“ f ” ,j; jhf;fj;jpy; cUthd gjhu;j;jk;> mjid Mf;Fk; %yfq;fspypUe;J Njhd;wpaijAk;>

ntg;g cs;Siwiaf; Fwpf;Fk;. Vnddpy; %yfj;jpd; kpfTk; cWjpahd tbtk; jhNd

cUthjypy; vt;tpj ntg;g Ts;Siw khw;wKk; eilngWtjpy;iy.

J}a %yfk; xd;wpd; khw;Nww;W / Rl;L tbtj;jpd;

epak Njhd;wy; ntg;g cs;Siw 0.

cjhuzk;: ntg;g ,urhadj; juTfs;> nghJthf ml;ltizg;gLj;jg;gLk; ntg;gepiy

298.15K ,y;> rpy %yfq;fspd; kpfTk; cWjpahd tbtk; fPNo gl;bay;

gLj;jg;gl;Ls;sJ.

Na(s), H
2
(g), N

2
(g), O

2
(g), C (s, graphite), Br

2
(  )

cjhuzk;: fhgdpd; epiygw;wpf; fUJifapy; fhgd; ,aw;ifapy;  fhuPakhff;  fhzg;

gLtJld; itukhfTk; fhzg;gLfpd;wJ. vt;thW ,Ug;gpDk;  mt;tpUtbtq;

fSf;fpilapy; mikaf;$ba ntg;g cs;Siw NtWghL cz;L.  vdNt

,U tbtq;fSf;Fk; fH   0 Mff; nfhs;s KbahJ.

C(s, graphite);   C(s, diamond)   fH    1.9 kJ mol-1

kpfTk; cWjpahd tbtj;ij khw;Nww;W / Fwpg;G tbtkhfj; Nju;e;njLf;

fpd;Nwhk;;. mjhtJ jho; ntg;g cs;Siw nfhz;lijj; Nju;e;njLf;fpd;Nwhk;.

mjhtJ jho; ntg;g cs;Siw  cila  fhuPaj;jpw;F  fH   0  vdf;

nfhs;sg;gLk;. fH  (graphite); = 0

250C apYk; 1105Pa mKf;fj;jpYk; tpisT kpfTk; cWjpahd tbtkhf

,y;yhtpbd; Njhd;wy; jhf;fj;jpd;  tpistpd; ngsjpf epiy  njspthff;

Fwpg;gplg;gly;  Ntz;Lk;.

H
2
(g) + 1

2 O
2
(g)    H

2
O(  ) fH    -285.8 kJ mol-1

H
2
(g) + 1

2 O
2
(g)    H

2
O(g) fH    -241.8 kJ mol-1
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,U fH  ngWkhdq;fSf;fpilapyhd NtWghL ePupd; Mtpahjy; ntg;gj;ijf; (heat of

vapourization) (44 kJ mol-1) Fwpf;Fk;.

ehk; ngUkstpy; epak Njhd;wy; ntg;gcs;Siwiag; gy;tifahd fzpg;GfSf;Fg;

gad;gLj;Jfpd;Nwhk;. ,g;ghlj;jpy;; cjhuzk; %yk; vLj;Jf;fhl;baJ Nghd;W fH   I

gpuNahfpf;ff;$ba Kiwapy; ,urhadr; rkd;ghl;il Kjypy; vOjNtz;Lk;.

Nghky;bifl;bd; (HCHO) epakj; Njhd;wy; ntg;g cs;Siw 298 K ,y; -108 kJ mol-1

MFk;.

,e;epfo;T gpd;tUk; rkd;ghl;bd; %yk; fPNo fhl;lg;gLfpd;wJ.

H
2
(g) + 1

2 O
2
(g) + C(graphite)    HCHO(g) fH    -108 kJ mol-1

rpy cjhuzq;fisf; fye;Jiuahl Kd;> rpy ,urhadj; jhf;fq;fspdJ / epfo;TfspdJ

epak  ntg;g cs;Siwfis tiuaWg;gJ gaDs;sjhf mikAk;.

 epak jfd ntg;g cs;Siw khw;wk; cH

epak epiyapYs;s %yfnkhd;wpd; my;yJ Nru;itnahd;wpd; xU %y;> kpif xl;rprdpy;

(my;yJ tspapy;) g+uzkhfj; jfdkile;J epakepiyapYs;s tpisTfis cUthf;Fk;

NghJ Vw;gLk; ntg;g cs;Siw khw;wkhFk;.

C
3
H

8
(g) +5O

2
(g)  3CO

2
(g) + 4H

2
O(l)

3 8[ ( )]c C H gH  = -2219.9 kJ mol-1

C(s)       + O
2
(g)  CO

2
(g)

CH        
= -393.5 kJ mol-1

 epak gpizg;Gg; gpupif ntg;g cs;Siw khw;wk; DH 

epak epiyapy; thA epiyapy; cs;s Nru;it xd;wpd; xU %y; gpizg;G cile;J

epakepiyapy; cs;s thA epiy mZf;fshf my;yJ thA epiyf;$Wfshff; $l;lw;

gpupifailAk;NghJ Vw;gLk; ntg;g cs;Siw khw;wkhFk;.

H
2
(g)       2H(g) DH   =  432 kJ mol-1

CH
4
(g)    CH

3
(g) + H(g) DH   =  428 kJ mol-1

CH
3
(g)    CH

2
(g) + H(g) DH   =  441 kJ mol-1

CH
2
(g)    CH(g) + H(g) DH   =  454 kJ mol-1

CH(g)     C(g) + H(g) DH   =  344 kJ mol-1

vdNt nkNjdpd; gpizg;Gg; gpupifr; rf;jp NkNy jug;gl;l ehd;F ntg;g cs;Siwg;

ngWkhdq;fspdJk; ,ilahFk;.

  
   CH

4
(g) ,d; ruhrup epak gpizg;G gpupif rf;jp = (428+441+454+344)   4  kJ mol-1

        = 416.75 kJ mol-1
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 epak eLepiyahf;fy; ntg;g cs;Siw khw;wk; neuH

epak epiyfspy; ePu;f;fiurypy; cs;s xU %y; H+ mad;fs;@ ePu;f;fiurypYs;s xU

%y; OH- mad;fSld; jhf;fkile;J jput ePu; (H
2
O

(  )
) ,d; %y; xd;iw cUthf;Fk;NghJ

Vw;gLk; ntg;g cs;Siw khw;wk;.

H+(aq) + OH-(aq)    H
2
O(  ) neuH  =  -57 kJ mol-1

 epak fiug;ghNdw;w ntg;g cs;Siw khw;wk;; solH 

epak epiyfspy;; thA epiyapy;  cs;s xU %y; mad;fs; 1.0 mol dm-3  fiuryhf

khWk;NghJ Vw;gLk; ntg;g cs;Siw khw;wk;.

Mn+(g) + fiug;ghd;    Mn+(fiug;ghd;)

 epak ePNuw;wy; ntg;g cs;Siw khw;wk; hydH 

epak epiyapy;; thA epiyapy; cs;s xU %y; mad;fs; ePupy; fiue;J 1.0 mol dm-3

nrwpTila ePu;f; fiuryhf khWk;NghJ Vw;gLk; ntg;g cs;Siw khw;wk;.

Na+(g) + ePu;    Na+(aq)        0
hydH  = -406 kJ mol-1

 epak fiuryhjy; ntg;g cs;Siw khw;wk; dissolutionH 

epak epiyapYs;s> xU %y; gjhu;j;jk; fiug;ghdpy; fiue;J 1.0 mol dm-3 nrwpTila

fiuryhf khWk;NghJ Vw;gLk; ntg;g cs;Siw khw;wk;.

NaCl(s) + ePu;    NaCl(aq) dissolutionH   = 1 kJ mol-1

 epak gjq;fkhjy;; ntg;g cs;Siw khw;wk; subH 

epak epiyapYs;s> jpz;k %yfnkhd;wpd; xU %y; my;yJ jpz;kr; Nru;it xd;wpd;

xU %y;@ g+uzkhf epak epiyapYs;s  thA epiyf;F khWk;NghJ Vw;gLk; ntg;g

cs;Siw khw;wk;.

Ca(s)     Ca(g) subH    = 193 kJ mol-1

 epak Mtpahjy;;; ntg;gcs;Siw khw;wk; evapH 

epak epiyapy;> xU %y; jputepiyapYs;s> Nru;it my;yJ %yfk; epak epiyapYs;sd.

thA epiyapYs;s> Nru;it my;yJ %yfkhf khWk; NghJ Vw;gLk; ntg;g cs;Siw

khw;wk;.

Br
2
(  )     Br

2
(g) evapH    = 30.91 kJ mol-1
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 epak cUfy;;; ntg;g cs;Siw khw;wk; fusH 

epak epiyapy;;> xU %y; jpz;k epiyapYs;s> Nru;it my;yJ %yfk; epakepiyapy;

cs;;s xU %y; jputepiyr;> Nru;itahf my;yJ %yfkhf khWk;NghJ Vw;gLk; ntg;g

cs;Siw khw;wkhFk;.

Al(s)     Al(  ) fusH    = 10.7 kJ mol-1

 epak mZthjy;;;; ntg;g cs;Siw khw;wk; atH 

epak epiyapy; cs;s %yfk; xd;W epakepiyapYs;s xU %y; thA mZf;fshf

khWk; NghJ Vw;gLk;  ntg;g cs;Siw khw;wkhFk;.

1
2 Cl

2
(g)     Cl(g) atH    = 121 kJ mol-1

 epak Kjyhk; madhf;fy;;;;; ntg;g cs;Siw khw;wk ; 
1IEH

epak epiyapYs;s thAepiy xU %y; msthd %yf mZtpd; xt;nthU mZtp

ypUe;Jk;  fUTld; kpfTk; jsu;thfg; gpizj;Js;s xU ,yj;jpud; tPjk; mfw;wp>

thAepiyapYs;s xU %y; msthd xU Neu; Vw;wKila mad;fis cUthf;Fk;

nghOJ Vw;gLk; ntg;g cs;Siw khw;wkhFk;.

Na(g)     Na+(g) + e  
1IEH = 496 kJ mol-1

 epak ,yj;jpuNdw;wy; ntg;g cs;Siw khw;wk; EGH 

epak epiyapYs;s xU %y; thAepiyapYs;s mZf;fs; xt;nthd;Wk; ,yj;jpud;fisg;

ngWtjd; %yk; xU %y; thAepiy kiwNaw;wk; xd;iwf; nfhz;l mad;fis

cUthf;Fk;NghJ Vw;gLk; ntg;g cs;Siw khw;wkhFk;.

Fwpg;G: ,g;ngWkhdk; ,yj;jpud; ehl;lj;jpd; vjpu;f; FwpaPl;il cilaJ.  (T = 0 K

,Uf;Fk;nghOJ> me;epiyapy; Vw;gLk; (,yj;jpudhl;l) rf;jp khw;wj;jpd; vjpu;g;

ngWkhdk;) MfNt Neu; ,yj;jpudhl;l ngWkhdk;> Gwntg;g ,yj;jpud; Vw;wiy

xj;jpUf;Fk;.

  Cl(g) + e     Cl-(g) EGH   = -349 kJ mol-1

MfNt Cl(g) apdJ ,yj;jpud; ehl;lk; = 349 kJ mol-1

Fwpg;G: fw;wad; cUthFk; re;jug;gj;jpy;> Njhd;wy; ntg;gTs;Siw khw;wk; RTapdhy;
NtWgLk;.

 H = H
EG

 - RT
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 mad; Nru;itnahd;wpd; epak rhyf gpupif ntg;g cs;Siw khw;wk; LH 

epak epge;jidapy; xU %y; jpz;k mad; Nru;it xd;W  thA epiyapYs;s

Neu;> kiw mad;fshf khw;wg;gLk;NghJ Vw;gLk; ntg;gcs;Siw khw;wk;.

NaCl(s)  Na+(g)  + Cl-(g) LH  =  +788  kJ mol-1

2.2.5 H (H)I Neupy;yhj Kiwapy; (kiwKf Kiwapy;) Jzpjy; (Indirect

determination)

vR tpjp  (Hess law)

ntg;g cs;Siw khw;wk; vd;Dk; vz;zf;fU kpfTk; gaDs;sjhf ,Ug;gjw;fhd

fhuzk; rpwpa vz;zpf;ifahd mstPLfis cgNahfpj;J mjpf vz;zpf;ifahd

(ngUk;ghyhd) jhf;f ntg;gq;fisf; fzpf;fyhk; vd;gNjahFk;. gpd;tUk; ntg;g

cs;Siw khw;wj;jpd; tpNrl ,ay;Gfs; (features) ,jidr; rhj;jpakhf;Ffpd;wJ.

H xU tpuptpay;ghFk;. mj;Jld;> ,J epiyj; njhopw;ghLilaJ.

NO(g) 25 0C apy; mjid Mf;Fk; %yfq;fspypUe;J cUthf;Fk; NghJ Vw;gLk;

epak ntg;g cs;Siw khw;wj;ijf; fUJf.

N
2
(g) + O

2
(g)     2NO(g) H = 180.50 kJ mol-1

xU %y; NO(g) cUthtjw;Fj; Njitahd ntg;g cs;Siwiaf; $Wk;nghOJ

(express) vy;yhf; Fzfq;fisAk; ,uz;lhy; tFf;Fk; nghOJ H  ngWkhdj;ijAk;

,uz;lhy; tFf;fg;gLk;.

1
2 N

2
(g) + 1

2 O
2
(g)     NO(g) H = 90.25 kJ mol-1

epiyj; njhopw;ghL vd;gjdhy; H  ,d; FwpaPL  xU nrad;Kiw gpd;Kfkhf

eilngWk; nghOJ (vjpuhdjhf) kiwahf khw;wkilfpwJ.  xU %y; NO(g)

gpupifailAk; nghOJ  Vw;gLk;  ntg;g cs;Siw khw;wk;>  xU  %y; NO(g)

cUthFk;NghJ Vw;gLk; ntg;g cs;Siw khw;wj;jpd; vjpu;g; ngWkhdkhf mikAk;.

mjhtJ  -H

NO(g)   1
2 N

2
(g) + 1

2 O
2
(g) H = -90.25 kJ mol-1

vR khwh ntg;gf; $l;ly; tpjpf;fhd cjhuzk;:-

N
2
(g), O

2
(g) Mfpatw;wpypUe;J  NO

2
(g) Njhd;Wtjw;fhd epak ntg;g cs;Siw

khw;wj;ijf; fhz;;gjw;F>

1
2 N

2
(g) + O

2
(g)     NO

2
(g) H  = ?
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ehk; ,j;jhf;fk; ,Ugbfspy; eilngWtjhff; fUjyhk;. Kjypy; N
2
(g), O

2
(g) ,ypUe;J

NO(g) thAit cUthf;fpg; gpd;du; NO
2
(g) thAit NO(g),  O

2
(g) Mfpa thAf;fspypUe;J

cUthf;fpd;wJ. ,t; ,U rkd;ghLfspd; gbfisAk; mtw;wpd; jdpj;Jtkhd H

ngWkhdq;fis  xd;whff;  $l;Lk;nghOJ  ehk;  vjpu;Nehf;Fk; nkhj;jr; rkd;ghLk;>

H dJ ngWkhdk; fpilf;fg;ngWk;.

1
2 N

2
(g) + 1

2 O
2
(g)     NO(g) H  = 90.25 kJ mol-1       ......... (1)

NO(g)   + 1
2 O

2
(g)     NO

2
(g) H  = -57.07 kJ mol-1    ......... (2)

_____________________________________________________________________________________________

      (1) + (2); 1
2 N

2
(g)  +  O

2
(g)       NO

2
(g) H  = +33.18 kJ mol-1

NkNy jug;gl;l cjhuzj;ijg; Nghd;W> vR tpjpahdJ ehk; cgNahfpj;j jj;Jtj;ijf;

$Wfpd;wJ.

mjhtJ xU nrad;Kiw gy gbfspy; my;yJ gy epiyfspD}lhf epfOk; nghOJ

(nfhs;ifuPjpahf vdpDk;) nkhj;jr; nrad;Kiwf;fhd ntg;g cs;Siw khw;wk;

mg;gbfSf;fhd ntg;gcs;Siw khw;wj;jp;d; $l;Lj;njhifahf mikAk;.

,d;DNkhu; Kiwahff; $Wk;nghOJ vRtpd; tpjp ntg;g cs;Siw khw;wj;jpd; epiyj;

njhopw;ghl;bay;gpd; tpisthFk;. Muk;gepiyapypUe;J ,Wjpepiyf;F khw;wkilAk;

ghijAld; rk;ge;jg;glhJ. H (my;yJ H - khw;wk; epak epge;jidfspd; fPo;

eilngWk; nghOJ) xNu ngWkhdj;ijf; nfhz;bUf;Fk; my;yJ jhf;fk; eilngWk;

ghijfspy; jq;fpapUg;gjpy;iy.

,t; vz;zf;fUitf; fPNo tpgupf;fg;gl;Ls;sJ Nghd;W (KiwNa cU 2.4> 2.5 %yk;)

ntg;g cs;Siw tupg;glk; %yk; my;yJ ntg;g,urhad rf;fuk; %yk; tpsf;fpf;

fhl;lyhk;.

      (a)               (b)

cU.2.4 jhf;fp A I tpisT B ahf khw;wkilAk; Gwntg;gj; jhf;fj;ij

,U topfspD}lhf  khw;Wk;NghJ  Vw;gLk;  ntg;g cs;Siw khw;wq;fs;

NkNy jug;gl;Ls;sJ.

(a) Neubahd khw;wk;  (b) rpy ,ilepiyfisf; nfhz;l ,Ugbr;nrad;Kiw

n
t
g
;g
 
c
s
;S
i
w

n
t
g
;g
 
c
s
;S
i
w jhf;fpfs;

,ilepiyfs;

jhf;fpfs;

tpisTfs;tpisTfs;
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cU 2.4 - vRtpd; tpjpapd; $w;iw tpgupf;fpd;wJ. jhf;fpfs; A, tpisTfs; B ahf

khw;wkilAk; NghJ Vw;gLk; nkhj;j ntg;gcs;Siw khw;wk; mJ xU gbapy; my;yJ

,Ugbfspy; my;yJ gy gbfspy; epfo;j;jg;gLk;nghOJ Vw;gLk; ntg;gcs;Siw khw;wq;fs;

rkk;. Vnddpy; ntg;gcs;Siw tupg;glj;jpy; jhf;fpfSf;Fk; tpisTfSf;Fkhd

rhu;epiyia ntg;gcs;Siw khw;wk; jOtp epw;gNjahFk;.

ntg;gcs;Siw tiuglj;ij NkNyfhl;bathW mikg;gjd;%yk; fzpj;jy;fis

Nkw;nfhs;syhk;. vdpDk; mjid kpf vspikahfr; nra;tjw;F xU KiwAz;L.

mr;nrad;Kiwia tpsq;fpf;nfhs;tjw;F ntg;g,urhadr; rf;fuk; fPNo fhl;bathW

Njitg;gLfpd;wJ. ,q;Nf jhf;fp A I B ahf khw;Wtjw;F ,Ughijfs; fUjg;gLfpd;wJ.

cU 2.5   ntg;g ,urhadr; rf;fuk;

ntg;g ,urhadr; rf;fuj;ij tiuAk; nghOJ gpd;tUk; mwpTWj;jy;fisg; gpd;gw;WtJ

Kf;fpakhFk;.

Kjypy; ntg;gcs;Siwkhw;wk; fhzg;glNtz;ba jhf;fj;jpw;fhd jhf;fj;jpid

vOjNtz;Lk;. mj;Jld; mk;Gf;Fwpapd; kPJ H I vOjNtz;Lk;. gpd;du; Vida

jhf;fq;fis ntg;g ,af;ftpay; jfty;fSld; mt;tiuglj;jpy; Nru;j;J ntg;g ,urhad

(vR tpjp) tl;lj;ij Vw;gLj;jTk;. NkYk; njupe;j ntg;gTs;Siw khw;wq;fis xt;nthU

kw;iwa jhf;fq;fspd; mk;Gf;Fwpapd;Nky; vOjTk;. njhlu;r;rpahd mk;Gf;FwpfSld;

tiuglj;ijr; #o;e;J ,U ghijfis mikAq;fs;. vjpu;j; jpirapy; nry;Yk; mk;Gf;Fwpfs;

fl;lhakhf ,Uf;ff;$lhJ.

NkYk;> mf;Fwpj;j jhf;fj;jpy; <LgLk; %y; vz;zpf;ifapdhy; njupe;J nfhs;sg;gl;l

ntg;g cs;Siwg; ngWkhdq;fs; ngUf;fg;glNtz;Lk;. cjhuzkhf xU %y; gjhu;j;jj;jpd;

(fhgd;) vupifapy;  epak jfd ntg;g cs;Siwg; ngWkhdk; mj;jhf;fj;jpy; <LgLk;

gjhu;j;jj;jpd; (fhgdpd;) %y; vz;zpf;if ahy; ngUf;fg;glNtz;Lk; vd;gij  kdjpw;

nfhs;s Ntz;Lk;> ,J rkd;ghLfSld; $ba gpurpdq;fis jPu;f;Fk; (cjhuzj;ijg;

ghu;f;fTk;) NghJk; fl;lhakhf cs;thq;fg; glNtz;Lk;.

cjhuzk;: vkf;F ,j;jhf;fj;jpw;fhd epak ntg;gcs;Siw khw;wk; Njitg;gl;lhy;>

3C(s) + 4H
2
(g)   C

3
H

8
(g) H = ?

ghij

jhf;fpfs; tpisTfs;

,ilepiyfs;

ghij
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vt;thW ehk; njhlu;e;J nry;tJ vd Xu; tpdh vOfpd;wJ. ehk;  fhuPaj;ijAk;

(graphite) IjuridAk; jhf;fkilar; nra;jhy; rpwpjsT jhf;fNk epfOk;. Mdhy;

Kw;Wg;ngwhJ. tpisT Gwg;Ngdhf kl;Lk; vy;iyg;gLj;jg;glhky; NtW gy IjNuhfhgd;

fSk; cUthFk;. cz;iknad;dntdpy; ehk; Neubahf NkNy $wg;gl;l jhf;fj;jpw;fhd

ntg;g cs;Siw khw;wj;ij msf;fKbahJ. gjpyhf Neupy; Kiwapy; gupNrhjid

uPjpahf epu;khzpj;j H  ngWkhdq;fspypUe;J Neupy; Kiwapy; fzpj;jy;fis Nkw;nfhs;syhk;.

,q;Nf vR tpjp ngUksT Kf;fpaj;Jtk; ngWfpd;wJ. Neuhd Kiwapy; mstpl

Kbahj H  ngWkhdj;ijf; fzpg;gjw;F topfhl;Lfpd;wJ.

ntg;g cs;Siwg; ngWkhdj;ij vR tpjpia cgNahfpj;Jj; Jzptjw;F ehk; nghUj;jkhd

,urhadr; rkd;ghLfis xd;W Nru;f;fNtz;Lk;. rpwe;j Muk;gkhfj; jug;gl;l jfd

jhf;fq;fSf;F Fwpg;gplg;gl;l jhf;fpapd; xU %iy mbg;gilahff; nfhz;L ,urhadr;

rkd;ghLfis vOjTk;. fhgd; - Ijurd; - xl;rprd; Nru;itfspd; jfdj; jhf;fq;fisf;

fUj;jpw; nfhs;Sk;nghOJ tpisT CO
2
(g)  ck; H

2
O(l) ck; MFk;.

,g;gpurpdj;ijj; jPu;g;gjw;fhd ghij gpd;tUkhW:

C
3
H

8
(g) + 5O

2
(g)   3CO

2
(g) + 4H

2
O(l) H = -2219.9 kJ mol-1  (a)

  C(s)     +  O
2
(g)    CO

2
(g) H = -393.5 kJ mol-1   (b)

1
2 O

2
(g)  + H

2
(g)    H

2
O(l) H = -285.8 kJ mol-1   (c)

(a)  jhf;fj;jpd; gpd;Kfj; jhf;fk;

3CO
2
(g) + 5H

2
O(g)    C

3
H

8
(g) + 5O

2
(g) H = 2219.9 kJ mol-1             (a)

ehk; ftdj;jpw; nfhs;Sk; jhf;fj;jpw;fhd jhf;fpfs; C(s), H
2
(g) iaf; fUJNthk;.

xt;nthd;wpdJk; nghUj;jkhd %y;fisg; ngWtjw;F ehk; rkd;ghL (b) I 3 MYk;>

rkd;ghL (c) I 4 MYk; ngUf;fNtz;Lk;.

3C(s)   + 3O
2
(g)   3CO

2
(g) H = 3(-393.5) kJ = -1180.5 kJ mol-1 ( )b 

2O
2
(g) + 4H

2
(g)   4H

2
O(g) H = 4(-285.8) kJ = -1143.2 kJ mol-1 ( )c 

,q;F nkhj;j khw;wKk; tpgupf;fg;gLfpd;wJ. 3 %y; C(s) ck; 4 %y; H
2
 thATk;

jhf;fkile;J xU %y;  C
3
H

8
(g) cUthfpd;wJ. ,JNt ekf;Fj; Njitahd khw;wk;.

,g;NghJ khw;wj;jpw;Fl;gl;l %d;W rkd;ghLfisAk; $l;Ltjd; %yk; mjhtJ (a) ,

( )b  , ( )c  Mfpatw;iw xd;wpizg;Nghk;.

3CO
2
(g) + 5H

2
O(g)    C

3
H

8
(g) + 5O

2
(g) H = -2219.9 kJ mol-1 (a)

3C(s)      + 3O
2
(g)       3CO

2
(g) H = 3(-393.5)kJ = -1180.5 kJ mol-1 ( )b 

2O
2
(g)    + 4H

2
(g)       4H

2
O(g) H = 4(-285.8)kJ = -1143.2 kJ mol-1 ( )c 

3C(s)      + 4H
2
(g)       C

3
H

8
(g) H =  -103.8 kJ mol-1
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NkNy cs;sij ntg;g ,urhadr; rf;fuj;ij cgNahfpj;Jj; jPu;j;jy;.

H = 3(-393.5) kJ + 4(-285.8) kJ + 2219.9 kJ = -103.8 kJ mol-1

ntg;g cs;Siw tiuglj;ij cgNahfpj;Jj; jPu;j;jYk; gpujpepjpj;Jtg;gLj;jYk;:

,t;ntg;gTs;Siw tiuglj;ij tiue;Js;Nshk;. Mdhy; vz;ngWkhdq;fs; xd;iwAk;

mr;rpy; Fwpf;ftpy;iy.Vnddpy; ntg;gTs;Siwapd; (H) jdpg;ngWkhdq;fisj; Jzpa

KbahJ. vt;thwhapDk; ntg;gTs;Siw epiyj; njhopw;ghL cilajhy; ntg;gTs;Siw

khw;wk; (H) jdpg;gl;l (unique)  ,k;khw;wq;fSld; nrayhw;wyhk;. MapDk; gy NtW

,ay;GfSld; Muk;gg; Gs;spahfg; g+r;rpag; ngWkhdj;ijf; nfhz;bUj;jy; gaDilajhf

mikAk;. ngWkhdj;ijf; nfhz;Ls;sJ.

(a) (b)

 cU 2.6    C(s) + H
2
(g)  C

3
H

8
(g)   vd;Dk; jhf;fj;jpw;fhd ntg;gTs;Siw tiuglk;

  (a) xt;nthU nrad;KiwiaAk; jhf;fj;jpd; jpirAld; KiwNa mtw;wpd; ntg;gTs;Siwg;

ngWkhdq;fisAk; Fwpf;fpd;wJ.

   (b) ntg;gTs;Siw ,ilntspiaf; fhl;Lfpd;wJ. mj;Jld;  jhf;fj;jpd; Njitahd

jpirf;F ,zq;f ntg;gTs;Siwapd; FwpaPl;il ehk; jPu;khdpf;fyhk;.
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jhf;fq;fspd; epak jhf;f ntg;gcs;Siw

xU jhf;fj;jpd; jhf;fpfSk;> tpisTfSk; epak epiyapy; ,Uf;Fk;NghJ> mj;jhf;fj;jpd;

NghJ> Vw;gLk; ntg;gcs;Siw khw;wk; epak jhf;f ntg;gcs;Siw khw;wk; vd ehk;

fw;Ws;Nshk;. mjid H my;yJ
 
 rxnH

 
 vdf; Fwpg;gplyhk;. epak Njhd;wy; ntg;g

cs;Siwapd; gpujk gad;ghLfspy; xd;W epak jhf;f ntg;gcs;Siwiaf; fzpg;gjw;

fhFk;.

cjhuzk; 2.1

Nrhbak; ,UfhgNdw;wpd; gpupifj; jhf;fj;jpd; epak jhf;f ntg;gcs;Siwiaf;

fzpg;gjw;F vRtpd; tpjpiag; gad;gLj;JNthk;. ntJg;gYf;F (baking) mg;gr;Nrhlhit

cgNahfpf;Fk;NghJ eilngWk; xU rpwpa jhf;fkhFk;.

2NaHCO
3
(s)    Na

2
CO

3
(s) + H

2
O(l) + CO

2
(g) rxnH

 
 = ?

tpil:

vRtpd; tpjpapypUe;J ehk; fhzf;$bajhf ,Ug;gJ vd;dntdpy; gpd;tUk; ehd;F

rkd;ghLfSk; $l;lg;gLk; NghJ NkNyAs;s jhf;fj;ijj; jUk; vd;gjhFk;.

2NaHCO
3
(s)    2Na(s) + H

2
(g) + 2C(s)(graphite) + 3O

2
(g)     H = -2

3[NaHCO (s)]f
H


 (a)

2Na(s) + C(graphite) + 3
2 O

2
(g)    Na

2
CO

3
(s) H =  

2 3[Na HCO (s)]f
H


 (b)

1
2 O

2
(g) + H

2
(g)   H

2
O(  ) H =

2[H O(l)]f
H


 (c)

C(graphite) + O
2
(g)    CO

2
(s) H =

2[CO (g)]f
H


 (d)

_______________________________________________________________________

2NaHCO
3
(s)    Na

2
CO

3
(s) + H

2
O(l) + CO

2
(g)    rxnH

 
 = ?

rkd;ghL (a) 2 %y;fs; NaHCO
3
 mjd; %yfq;fspypUe;J cUthtijg; gpujpepjpj;Jtg;

gLj;Jk; jhf;fj;jpd; gpd;Kfj;jhf;fkhFk;. (a) jhf;fj;jpd; H, 
3[NaHCO (s)]f

H


  ,d;  ,U

klq;fpd; kiwngWkhdkhFk;. rkd;ghLfs; (b), (c), (d) KiwNa xU %y; Na
2
CO

3
(s),

H
2
O(  ), CO

2
(g) Mfpatw;wpd; Njhd;wy; ntg;gj;ijf; Fwpf;fpd;wJ. ,q;F rk;ge;jg;gl;

bUf;Fk;  jhf;fj;jpd; H I gpd;tUkhW $wyhk;.

        
2 22 3 3(l) ( )( ) ( )

2rxn f H O f CO gf Na CO s f NaHCO s
H H H H H           

     = (-1130.68kJ mol-1) + (-187.78kJ mol-1) + (-393.5kJ mol-1) + (1901.62kJ mol-1)

           = 189.65 kJ mol-1 [2moles NaHCO
3
(s)]

     = 94.8  kJ mol-1 [1mole NaHCO
3
(s)]
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ntg;g cs;Siw tupg;glj;ij cgNahfpj;J vR nrad;Kiwia kdf;fz;zhy;

ghu;f;ff;$bajhf cs;sJ. mj;Jld; ntg;gcs;Siwapd; epiyj;njhopw;ghl;bay;G vt;thW

mr;rkd;ghl;il mila cjTfpwJ vd;gijAk; fhzf;$bajhf ,Uf;fpwJ.

Nrhbak; ,U fhgNdw;wpd; gpupif ,Ugbfspy; epfo;fpd;wJ vdf; fw;gid nra;Aq;fs;.

Kjyhk; gbapy; xU ghj;jpuj;jpy; cs;s 2 %y; NaHCO
3
 gpupifailag;gLk;nghOJ

NkNy cs;s rkd;ghL (a) apy; cs;sthW 2 %y; Na(s), 2 %y; C(graphite), 3 %y; O
2
,

xU %y; H
2
 I cUthf;Ffpd;wJ. 2k; gbapy; (b), (c), (d) Mfpa rkd;ghLfSf;fpzq;f

2 %y; Na(s), 2 %y; C(graphite),  1 %y; H
2
(g), 3 %y; O

2
 Mfpait Nru;f;ifaile;J

tpisTfis cUthf;Ffpd;wd.

gb 1. 2[NaHCO
3
(g)]   Na(s) + 1

2 H
2
(g) + C(graphite) + 3

2 O
2
(g)

H = 2[- fH  [NaHCO
3
(s)] = (2mol NaHCO

3
) -(-950.81 kJ mol-1)

gb 2. 2Na(s) + C(graphite) + 3
2 O

2
(g)   Na

2
CO

3
(s)

H = fH  [Na
2
CO

3
(s)]   [1mol Na

2
CO

3
(s)[ (-1130.68 kJ mol-1)

C(graphite) + O
2
(g)  CO

2
(g)

H = fH  (CO
2
(g)] = [1mol CO

2
(g)[ (-393.5 kJ mol-1)

H
2
(g) + 1

2 O
2
(g)   H

2
O(  )

H = fH  [H
2
O(  )] = [1mol H

2
O(  )] (-187.78 kJ mol-1)

ntg;g cs;Siw khw;wk; epiyj; njhopw;ghLilajhFk;. NkYk; epiyj;njhopw;ghL

cilatw;wpy; Vw;gLk; vk;khw;wKk;> mk;khw;wk; epfOk; ghijapy; jq;fpapUg;gjpy;iy.

nkhj;jj; jhf;fj;jpd; ntg;g cs;Siw khw;wk;> rkd;ghLfspy; fhl;bathW vR tpjpf;fpzq;f

xt;nthU gbfspdJk; epak ntg;g cs;Siw khw;wj;jpd; $l;Lj; njhifahf mikfpd;wJ.

MfNt NkNy cs;s nrad;Kiw fPNo nrhy;yg;gl;Ls;s epak jhf;f ntg;g cs;Siw

khw;wj;jpw;fhd nghJ njhlu;gpd; Fwpj;j gpuNahfkhFk;.

( ) ( tan )rxn P f products r f reac tsH H H        

P ck; 
r ck; KiwNa tpisTfspdJk; jhf;fpfspdJk; gPrkhdf; Fzfq;fshFk;.

tpisTfspd; nkhj;jj; Njhd;wy; ntg;g cs;Siw khw;wj;jpypUe;J jhf;fpfspd; nkhj;jj;

Njhd;wy; ntg;g cs;Siw khw;wj;ijf; fopj;jhy; ngwg;gLtJ jhf;f ntg;g cs;Siw

khw;wkhFk;. ( rxnH  rpyNtisfspy; rH  vdTk; vOjg;gLk;.)

vspikahd cjhuzkhf xU fUJNfhl; jhf;fk; xd;iwf; fUJf.

aA + bB   cC + dD rxnH
 
 = ?
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a, b, c, d Mfpad gPrkhd Fzfq;fshFk;. ,j;jhf;fj;jpw;F rxnH  gpd;tUkhW jug;gLk;.

[ ] [ ] [ ] [ ][ ] [ ]rxn f C f D f A f BH c H d H a H b H            

rxnH
 
I fzpg;gjw;F NkNy jug;gl;l jhf;fj;ijg; gad;gLj;Jk;nghOJ> mj;jhf;fj;jpy;

gq;Fgw;Wk; Nru;itfspd; fH   ngWkhdq;fs; njupe;jpUj;jy; Ntz;Lk;. ,g;ngWkhdq;

fisj; Jzptjw;F Neuhd nrad;Kiw my;yJ Neuy;yhj (Neuhf ,y;yhj) nrad;Kiw

iag; gpuNahfpf;fyhk;.

Neuhd nrad;Kiw

,k;Kiwapy; mr;Nru;itia Mf;Fk; %yfq;fspypUe;J ,yFthfj; njhFf;ff;$ba

Nru;itfspd; fH   fzpj;jYf;Fg; nghUj;jkhdJ. cjhuzkhf C
2
H

6
(g) jfdkhjy;

jhf;fj;jpd; rxnH
 
fzpg;gjw;F C

2
H

6
(g), O

2
(g), CO

2
(g), H

2
O(g) Mfpatw;wpd; fH   ngWkhdq;

fis epak epiyapy; msf;fg;glNtz;Lk; my;yJ njupe;jpUf;fNtz;Lk;.

 cjhuzk;; 2.2

  C
2
H

6
(g) ,d; jfdj;jpw;fhd rxnH  fzpg;gjw;F (Neuhd Kiw)

  jhf;fk;: C
2
H

6
(g) + 2

7 O
2
(g)   2CO

2
(g) + 3H

   [ ( )[ ( )] [ ( )] 2 6 [ ( )]2 2 2

7
] 2[2 3 ] [ ]

f C H gf CO g f H O f O grxnH H H H H            


       = 2 -393.5 kJ mol-1 + 3 -285.8 kJ mol-1 -[-84.7 kJ mol-1 + 2
7 0.00 kJ mol-1]

    = -1559.7 kJ mol-1

Neupy;yhj nrad;Kiw

gy epfo;Tfspy; my;yJ jhf;fq;fspy; Nru;itfis mjid Mf;Fk; %yfq;fspypUe;J

Neubahfj; njhFf;fKbahJ. rpy epfo;Tfspy;> jhf;fq;fs; kpf nkJthf epfOk;

d;ikAilajhfTk; my;yJ gf;fjhf;fq;fspdhy; ehk; tpUk;Gk; Nru;itay;yhj NtW

Nru;itfis cUthf;FtjhfTk; fhzg;gLk;. ,r; re;ju;g;gq;fspy; Kjypy; tpgu pj ;jJ

Nghd;W fH   vRtpd; tpjpf;fpzq;f Neupy;yhj Kiwapy; Jzpag;gLk;.



                       f.ngh.j.(c/j) ,urhadk;: myF 5     rf;jpapay;

59

 cjhuzk;; 2.3

C
2
H

6
(g) ,d; jfdj;jpw;fhd rxnH  I Neupy;yhj Kiwia cgNahfpj;J fzpf;fTk;.

tpil:

,J ePq;fs; mjpfstpy; re;jpf;Fk; vR tpjpapd; cgNahfk;.

,J fPNo cs;s tl;lj;jpy;> jhf;fk; fpilahf vOjg;gl;Ls;sJ. mj;Jld; Njhd;wy;

ntg;g cs;Siwg; ngWkhdq;fs; rf;fuj;ijg; g+u;j;jp nra;tjw;Fr; Nru;f;fg;gl;Ls;sJ.

O
2 
cldhd C

2
H

6  
,d; jhf;fj;jpw;fhd vR tpjpapd; rf;fuk;

C
2
H

6
 xl;rprDld; (O

2
) milAk; jhf;fj;jpw;fhd vRtpd; tpjpapd; rf;fuk;

jw;NghJ fzpj;jYf;fhf ,U ghijiaAk; Mf;Fk; vy;yh ntg;gcs;Siwg; ngWkhdq;

fisAk; vOjp mtw;iwr; rkd; nra;Nthk;.

-84.7 kJ mol-1 + H = 2-393.5 kJ mol-1 + 3-285.8 kJ mol-1

H = -1559.7 kJ mol-1

2.3 rhyf ntg;g cs;Siw my;yJ mad; Nru;it xd;wpd; Njhd;wy;

ntg;g cs;Siw: Nghd; Vgu; rf;fuk;

madhf;fw; rf;jp> ,yj;jpud; ehl;lrf;jp Mfpatw;wpd; mbg;gilapy; ve;j %yfq;fs;

cWjpahd mad;Nru;itfis cUthf;Fk; vd vjpu;T $wyhk;. madhf;fw; rf;jpAk;

,yj;jpud;ehl;lrf;jpAk; thA mtj;ijapy; eilngWk; nrad;Kiwahf tiuaWf;fg;

gl;Ls;sJ. Mdhy; 100 kPa (1 tspkz;ly mKf;fj;jpYk;) 25 0C apYk; mad; Nru;itfs;

ahTk; jpz;kq;fs;. mad;Nru;itfspd; jpz;k epiyapy; #o;epiy Kw;wpYk; NtWgl;ljhFk;.

Vnddpy; jpz;kj;jpy; xU fw;wad; Fwpj;j vz;zpf;ifahd md;dad;fshy; #og;gl;Ls;s

Jld; kWjiyahfTk; fhzg;gLk;. jpz;k mad;Nru;it xd;wpd; nkhj;j cWjpj;  jd;ik>

vy;yh mad;fSf;Fk; ,ilapyhd ,ilj;jhf;fj;jpy; jq;fpAs;sNjad;wp xU fw;waDf;Fk;

xU md;daDf;Fkhd ,ilj;jhf;fj;jpy; jq;fpapUg;gjpy;iy. mad; jpz;kk; xd;wpd;
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cWjpj;jd;ikf;fhd mstwpuPjpahd mstPL mjd; rhyfr;rf;jpahFk;. xU jpz;k %y;

mad;Nru;itia Kw;whf thAepiy mad;fshfg; gpupf;Fk;NghJ Vw;gLk; ntg;g

cs;Siw khw;wk; rhyfr; rf;jp vd tiuaWf;fg;gLk;.  (T = 0 K ,y; rhyf ntg;g

cs;Siwapd; ngWkhdNk rhyf rf;jpahFk;.)

rhyfr; rf;jpia Neubahf msf;fKbahJ> MapDk;> mad;Nru;itapd; fl;likg;Gk;>

mikg;G $WfSk; njupe;jpUg;gpd;> mr;Nru;itapd; rhyfr; rf;jpiaf; $Nyhkpd; tpjpia

(Coulomb’s law) cgNahfpj;Jf; fzpf;fyhk;. $Nyhkpd; tpjp $WtjhtJ ,U

mad;fSf;fpilapyhd mOj;jrf;jp mad;fspd; Vw;wj;jpd; ngUf;fj;jpw;F Neu;tpfpj

rkk;> mt;tad;fSf;fpilapyhd J}uj;jpw;F Neu;khWtpfpjrkk;. (,q;F fye;Jiuahlg;gl

khl;lhJ.)

mad;Nru;it xd;W xU njhlu; gbfspD}lhf cz;lhfpd;wJ vd vLj;Jf; nfhz;L

Neupy;yhj Kiwapy; rhyfrf;jpia ehk; Jzpayhk;. ,r;nrad;Kiw Nghd; - Vgu;

rf;fuk; vd miof;fg;gLk;. ,J xU mad;Nru;itapd; rhyfr; rf;jpia> madhf;fw;rf;jp>

,yj;jpud; Vw;wy; rf;jp (,yj;jpud; ehl;l rf;jp) kw;Wk; mZ> %yf;$$w;W ,ay;GfSld;

njhlu;GgLj;Jfpd;wJ. ,J vRtpd; tpjpia mbg;gilahff; nfhz;Ls;sJ. Nghd; - Vgu;

rf;fuk; mad; jpz;kk; xd;W cUthFk;nghOJ njhlu;e;J nry;Yk; gbfis tiu

aWf;fpd;wJ. ,ypj;jpak; GNshiul;bd; rhyfr;rf;jpiaf; fzpg;gjw;fhd mjd; cgNahfj;ij

ehk; vLj;Jf; fhl;lyhk;.

,ypj;jpaj;jpw;Fk; GNshupDf;Fkhd jhf;fj;ijf; fUJNthk;.

Li(s) + F
2
(g)   LiF(s)

,j;jhf;fj;jpw;fhd epak ntg;g cs;Siw khw;wk; -594.1 kJ, ,J LiF(s) ,d; epak

Njhd;wy; ntg;g cs;SiwahFk;.

mjid Mf;Fk; %yfq;fspypUe;J Ie;J ntt;NtW gbfspD}lhf ,ypj;jpak; GNshiul;

cUthjiyf; fUj;jpw; nfhs;Sk;NghJ fPNo tpgupf;fg;gl;bUf;Fk; Ie;J gbKiwfspD}lhf

mad;Nru;it xd;W cUthFk;NghJ Vw;gLk; rf;jpkhw;wj;ij vR tpjp cjtpAld;

fz;Lgpbf;f cjTfpd;wJ.

1. jpz;k ,ypj;jpak; Mtpahf khw;wk; miltjw;fhd gjq;fkhjy; gb

Li(s)   Li(g) 1H    155.2 kJ mol-1

2. F
2
(g) , F(g) Mf gpupifAWjy;

F
2
(g)   F(g) 2H    150.96 /2 kJ mol-1 = 75.3 kJ mol-1

3. thAepiy Li mZf;fspd; madhf;fk;

Li(g)   Li+(g) + e 3H    520 kJ mol-1

4. ,yj;jpuid Vw;W F- cUthjy;

F(g) + e   F-(g) + e 4H    -328 kJ mol-1

5. Li+(g) ck; F-(g) ck; ,izjy;

Li+(g) + F-(g)   LiF(s) 5H   - x kJ mol-1
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LiF ,d; rhyfr; rf;jp gpd;tUkhW tiuaWf;fg;gLk;.

LiF(s) + rf;jp   Li+(g) + F-(g)             5  -  kJLH H x   

5H   ,d; ngWkhdj;ijg; gpd;tUk; Kiwapy; fzpf;fyhk;. nkhj;jj; jhf;fj;jpd; epak

ntg;g cs;Siw khw;wk; rxnH
   
-594.1kJ I gpd;tUkhW vOjyhk;.

rxnH  = 1 2 3 4 5H H H H H        

5 gbfisAk; $l;Lk;nghOJ ehk; ngWtJ nkhj;jj; jhf;fk;

Li(s) + 1
2 F

2
(g)  LiF(s)

-594.1kJ mol-1 = 152.2 kJ mol-1 + 75.3 kJ mol-1 + 520 kJ mol-1 + (-328 kJ mol-1) + 5H 

5H   = -1016.6 kJ mol-1

vdNt LiF(s) ,d; rhyfrf;jp 1016.6 kJ mol-1

fPNo cs;s cU LiF ,w;fhd Nghd;-Vgu; rf;fuj;ijr; RUf;fkhfj; jUfpd;wJ. gbfs;

1> 2> 3> Mfpatw;wpw;Fr; rf;jp toq;f Ntz;bAs;sJ. kw;Wk; 4k;> 5k; gbfspy; rf;jp

ntsptplg;gLfpd;wJ> 5H  ngupa vjpu;g;ngWkhdkhf ,Ug;gjhy; LiF ,d; rhyfrf;jp

ngupa Neu;g;ngWkhdk;. ,JNt LiF ,d; cWjpj;jd;ikf;Ff; fhuzkhf cs;sJ. cau;

rhyfr;rf;jp cila Nru;it cau;  cWjpj;jd;ik  cilaJ  vd  ehk; kdjpw;

nfhs;sNtz;Lk;.  rhyfr; rf;jp vg;nghOJk; Neu;g;ngWkhdk; cilaJ. Vnddpy; xU

jpz;kj;jpy; cs;s mad;fis thA epiy mad;fshfg; gpupj;jy; vg;nghOJk; mfntg;gr;

nrad;Kiw.

cU 2.7 Nky; cs;s njhFjpapd; Nghd; Vgu; tl;lk;

( 5H   = -1016.6 kJ mol-1  vdNt rhyfj;jpd; gpupif ntg;gTs;Siw  LiF(s)f;F 1016.6 kJ mol-1)

(a)  Kiwg;gbahd nra;Kiwfs; xd;whff; fhl;lg;gl;Ls;sJ.

(b)  xt;nthU nrad;KiwAk; jdpj;jdpahff; fhl;lg;gl;Ls;sJ.
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2.4 ,urhadj; jhf;fq;fspd; RahjPd jd;ik

Rakhd nrad;Kiwfs;: gupNrhjid uPjpahd ,urhadj;jpd; (experimental chemistry)

Kf;fpa gFjp Rakhf epfOk; jhf;fq;fSld; nrayhw;Wfpd;wJ. mjhtJ njhFjpf;F

ntspNaapUe;J rf;jp njhlu;r;rpahf toq;fhky; jhf;fk; eilngWfpd;wJ. my;yJ

Rakhf epfOk; jhf;fk; Muk;gkhdJk; VjhtJ xU jhf;fp Kw;whfj; jhf;fkilAk;

tiu jhf;fk; epfOk; my;yJ kPSk; jhf;fk; vdpd; tpisTfs; mfw;wg;glhtpby; xU

rkepiy epiyia milAk;. xU jhf;fk; Rakhf epfOk; jhf;fk; vd;W $Wk;nghOJ

mJ fl;lhakhf tpiuthf epfOk; jhf;fk; vd;W fUjf;$lhJ. Rakhf mjhtJ

jd;dpr;irahf epfOk; nrad;Kiwapd; ntg;g,af;ftpaypd; tiutpyf;fzj;jpy; Neuk;

xU gFjp md;W. xU Rakhf epfOk; jhf;fk; cldbahf eilngwyhk; my;yJ

cldbahf eilngwhky; ,Uf;fyhk;. my;yJ Kw;whfNt eilngwhky; Nghfyhk;.

cjhuzkhf  25 0C apYk; 100 kPa mKf;fj;jpYk; ituk; fhuPakhf khw;wkiljy;

Rakhf epfOk; jhf;fk;. MapDk; kpf nkJthf epfo;tjhy; xU kdpjdpd; tho;ehspy;

,k;khw;wj;ij mtjhdpf;f KbahJ.

ntg;g ,af;ftpaypd; ,yf;Ffspy; xd;whf ,Ug;gJ> xU FO jhf;fpfis xd;W

Nru;f;Fk;nghOJ jhf;fk; eilngWkh vd vjpu;T $Wjy;.  ntg;g,af;ftpay; xU

jhf;fk; eilngWkh my;yJ eilngwkhl;lhjh vdf; $WNk jtpu mj;jhf;fj;jpd;

Ntfk; gw;wp vLj;Jiuf;fkhl;lhJ.

xU jhf;fj;jpd;NghJ rf;jp ntsptplg;gLjy; mj;jhf;fk; Rakhf epfOk; vd;gijf;

Fwpf;fpd;wJ vd xU rkak; vz;zg;gl;lJ. ntg;gcs;Siw khw;wj;jpd; H my;yJ

H ,d; Fwp xU jhf;fj;jpd; Rakhf epfOk; Mw;wiy topfhl;lg; NghJkhdJ md;W.

Vnddpy; rpy Rakhf epfOk; jhf;fq;fs; Gwntg;gj; jhf;fq;fshf cs;sJ. vdpDk;

(H -ve), gy mfntg;gj; jhf;fq;fSk; (H +ve) jd;dpr;irahf eilngWtjhf mwpag;gl;

Ls;sJ.

Rakhf / jd;dpr;irahf epfOk; nrad;Kiw xd;wpy; ntg;gk; mfj;JwpQ;rg;gLtJ

my;yJ ntsptplg;gLtJld; NkYk; ve;jpug;gp vd miof;fg;gLk; ,d;DNkhu; fhuzpiaf;

fUj;jpw; nfhs;sNtz;Lk;. ve;jpug;gp vdg;gLtJ njhFjp xd;wpd; vOkhwhd jd;ikapd;

mstPlhFk;.  ve;jpug;gp (S) epiyj;njhopw;ghLilaJ. njhFjpapd; vOkhw;Wj; jd;ik

mjpfupf;f ve;jpug;gpapd; ngWkhdk; mjpfupf;Fk; ve;jpug;gpf;fhd myF JK-1 mol-1.

xU gjhu;j;jj;jpd; ve;jpug;gpf;Fg; gy fhuzpfs; gq;fspf;fpd;wd> ngsjpfepiy> ntg;gepiy>

%yf;$w;Wg;gUkd;> %yf;$w;wpilf; ftu;r;rp tpirfs;> fyj;jy; Nghd;wit. ,q;F

,e;epiyapy; vspjhfg; ngsjpf epiyahYk; ntg;gepiyahYk; tpgupf;fg;gLfpd;wJ.

thAf;fs; cau; ve;jpug;gp cilajhff; fUjg;gLfpwJ. Vnddpy; thAj; Jzpf;iffs;

cau; vOkhw;W ,af;fk; cilajhf ,Uj;jyhFk;. jputq;fs; jpz;kq;fis tpl cau;

ve;jpug;gp cilad. jput> jpz;k Jzpf;iffspd; ,af;fk; kpfTk; fl;Lg;ghl;by; cs;sJ.

miw ntg;gepiyapy; xU %y; nrg;G cNyhfj;ijtpl xU %y; jput ePu; cau;

ve;jpug;gp cilaJ.  xU %y; jputePiu tpl xU %y; CO
2
 kpfTk; cau; ve;jpug;gp

cilaJ. xU gjhu;j;jj;jpd; ve;jpug;gp ntg;gepiyAld; mjpfupf;fpd;wJ. Vnddpy;

%yf;$Wfspd; mirT ,af;fk;> Row;rp ,af;fk; Mfpad ntg;gepiyAld; mjpfupf;fpd;wd.

50 0C apYs;s ePu; 25 0C apYs;s ePupYk; cau; ve;jpug;gpAilaJ.
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Xu; ,urhadj; jhf;fj;jpd; epak ve;jpug;gp khw;wk;

Xu; ,urhadjhf;fj;jpd; epak ve;jpug;gp khw;wk; rxnS  vd;Dk; FwpaPl;lhy; Fwpf;fg;gLk;.

,jid epak %yu; ve;jpug;gpg; (epak epiyapYs;s xU %y; gjhu;j;jj;jpd; ve;jpug;gp)

ngWkhdq;fspypUe;J fzpf;fyhk;. xt;nthU epak %yu; ve;jpug;gpg; ngWkhdq;fSk;

rkd; nra;j rkd;ghl;bYs;s gPrkhd Fzfq;fshy; ,q;F ngUf;fg;glNtz;Lk;.

rxnS S S     (tpisTfs;) (jhf;fpfs;)

rxnS  vdg;gLtJ J}a (fyf;fg;glhj) epakepiyapYs;s jhf;fpfs; J}aepiyapy; cs;s

(fyf;fg;glhj) tpisTfshf khw;wg;gLk;NghJ Vw;gLk; ve;jpug;gp khw;wkhFk;. xU jhf;fj;jpd;

gPrkhdj;ijAk;> jhf;fpfs;>  tpisTfs;  Mfpatw;wpd;  ngsjpf epiyiaAk; fUj;jpw;

nfhz;L rxnS  Fwp mjpfkhf kjpg;gPL nra;ag;gLfpd;wJ. nkhj;j thA %y;fspd;

vz;zpf;if jhf;fpfs; tpisthf khw;wg;gLk;NghJ mjpfupj;jhy; rxnS  Neu;g;ngWkhdk;

cilajhf ,Uf;Fnkd vjpu;T $wKbAk;. tpisTfs; jhf;fpfspYk; cau; ve;jpug;gp

cilait. kWjiyahf thAepiy tpisTfspd; %y; vz;zpf;if> thAepiyj;

jhf;fpfspd; vz;zpf;ifapYk; Fiwthf ,Ug;gpd;> rxnS  FwpaPL kiwahf ,Uf;Fk;.

cjhuzk; 2.4

IjurDk; xl;rprDk; jhf;fKw;W ePuhtpAUthFk; jhf;fk; RahjPdkhdJ.

2H
2
(g) + O

2
(g)   2H

2
O(g)

,j;jhf;fj;jpd; ve;jpug;gp khw;wj;jpw;fhd Fwpia vjpu;T $Wf. mj;Jld; rxnS
 
I 25 0C

apy; fzpf;Ff.

tpil:

Ijurd;> xl;rprDld; jhf;fKw;W ePuhtpiaf; nfhLf;fpd;wJ. xt;nthU %y; jhf;fj;jpYk;

3 %y; thA 2 %y; thAf;fshf khw;wkilfpd;wJ. vdNt jhf;fj;jpd;NghJ nkhj;j

thA %y; vz;zpf;if Fiwtilfpd;wJ. vdNt rxnS
 
 ,j;jhf;fj;jpw;F kiwahf

,Uf;fNtz;Lk;.

epak %yu; ve;jpug;gpg; ngWkhdq;fis cgNahfpj;J xU jhf;fj;jpw;fhd epak

ve;jpug;gpiaf; fzpj;jy;.

 rxnS S S     (tpisTfs;) (jhf;fpfs;)

 = 2 2 2(2 mol) ( [H O(g)]) {(2 mol) ( [H (g)])} (1 mol) ( [O (g)])S S S   

 = (2 mol) (188.8 JK-1 mol-1) - {(2 mol) (130.7 JK-1 mol-1) + (1 mol) (205.1 JK-1 mol-1}
 = -88.9 JK-1 mol-1
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gPrkhdj;jpd; mbg;gilapy; vjpu;T $wpaJ Nghd;W jhf;fj;jpd; ve;jpug;gp khw;wk; kiwahf

cs;sJ.

xU jhf;fj;jpd; RahjPd jd;ikia mwptjw;F ntg;gcs;Siw khw;wk; rxnH  > ve;jpug;gp

khw;wk; rxnS  Mfpa ,uz;ilAk; fUj;jpw; nfhs;sNtz;Lk;. vkf;Fj; njupe;jJ Nghd;W

xU jhf;fk; eilngWtjw;F ntg;g cs;Siw (enthalpy) FiwtiljYk;> ve;jpug;gp

mjpfupj;jYk; Mjuthf mikAk;. vdNt mj;jhf;fk; RahjPdkhf epfo;fpd;wJ. NkYk;

gpd;tUk; ,izg;Gfisr; rpy ntg;gepiy epge;jidfspd; fPo; fUjyhk;.

rxnH  -ve,    rxnS  +ve vy;yh ntg;gepiyfspYk; Rakhf epfOk;.

rxnH  +ve,  rxnS  +ve cau; ntg;gepiyapy;; Rakhf epfOk;.

rxnH  -ve,    rxnS  -ve jho; ntg;gepiyapy; Rakhf epfOk;.

rxnH  +ve,  rxnS   -ve vy;yh ntg;gepiyfspYk; Rakhf epfohJ. (gpd;Kfj;

jhf;fk; Rakhf epfOk;.)

fpg;];rpd; RahjPd rf;jpAk; (G) jhf;fj;jpd; RahjPd jd;ikAk;

ehk; ghu;j;jJ Nghd;W xU jhf;fj;jpd; Rakhf epfOk; jd;ik xU njhFjpapd; ve;jpug;gp

khw;wk;> ve;jy;gp khw;wk; Mfpatw;wpdhy; epu;zapf;fg;gLfpd;wJ. fpg;]pd; RahjPdrf;jp

(G) my;yJ vspjhfr; RahjPdrf;jp epiynjhopw;ghLilaJ. mj;Jld; ve;jpug;gp> vd;jy;gp

Mfpa ,uz;ilAk; ,izf;fpd;wJ. T jdp ntg;gepiyiaf; Fwpf;fpd;wJ. G I gpd;tUkhW

tiuaWf;fyhk;.

G = H - TS

G, H, S fSf;fpilapyhd njhlu;G

khwh ntg;gepiyapy; xU jhf;fk; epfOk;nghOJ Vw;gLk; RahjPd rf;jp khw;wk;

G = H - TS

xU jhf;fk; khwh ntg;gepiyapy; epak epiyfspy; epfOk; nghOJ Vw;gLk; RahjPd

rf;jp khw;wk;

rxnG  =  rxnH  - TT rxnS

Fwpg;G:  rpyNtisfspy;  rxnG MdJ rG  vdf; Fwpf;fg;gLk;.

 rkepiyapy; cs;s jhf;fj;jpw;F rxnG  = 0 Kw;Gwk;> gpw;Gwk; Mfpa ,U

jpirfspYk; tpisAk; khw;wk; (net change) g+r;rpak;. khwh ntg;gepiyapy;

mKf;fj;jpy; Rakhd jhf;fj;jpw;F rxnG  < 0,  Rakw;w jhf;fj;jpw;F rxnG  > 0
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cjhuzk; 2.5

fhgd; Xu; xl;irl;L xl;rprDld; jhf;fKw;Wf; fhgdPu;xl;irl;ilf; nfhLf;fpd;wJ.

CO(g) + 1
2 O

2
(g)   CO

2
(g)

rxnH  ,  rxnS  Mfpatw;wpypUe;J ,j;jhf;fj;jpw;fhd epak RahjPd rf;jpkhw;wj;ijf;

fzpf;f.

( fH  [CO
2
(g)] = -393.5 kJ mol-1, fH   [CO(g)] = -110.5 kJ mol-1, S  [CO

2
(g)] = 213.7 J mol-1 K-1,

S [CO(g)] =  197.7 J mol-1 K-1, S [O
2
(g)] = 205.1 J mol-1 K-1)

tpil:

epak Njhd;wy; ntg;gcs;Siwia cgNahfpj;J ,j;jhf;fj;jpw;fhd ntg;g cs;Siw

khw;wj;ij epak epge;jidfspd; fPo; fzpf;f.

rxnH
 
= fH 

(tpisTfs;)
 -  fH 

(jhf;fpfs;)

= fH 
(CO2(g);)

 -  fH 
(CO(g);

 - 2
1

fH 
(O2(g);)

= -393.5 kJ mol-1 - (-110.5 kJ mol-1) - 0 kJ mol-1

= -283.0 kJ mol-1

epak ve;jpug;gpg; ngWkhdq;fis cgNahfpj;J epak epge;jidfspd; fPo; ,j;jhf;fj;jpw;

fhd ve;jpug;gp khw;wj;ijf; fzpf;f.

rxnS
 
= S

(tpisTfs;)
 -  S

(jhf;fpfs;)

= S
(CO2(g);)

 -  S
(CO(g);

 - 2
1 S

(O2(g);)

= 213.7 J mol-1 K-1 - (197.7 J mol-1 K-1) -  12 (205.1 J mol-1 K-1)

= -86.6 J mol-1 K-1

Fwpg;G:

gPrkhdj;jpypUe;J vjpu;T $wpaJ Nghd;W rxnS  kiwahdJ. 1.5 %y; thA> 1 %y;

thAit cUthf;Ffpd;wJ.

rxnH
 
 fzpg;Gg; gpd;tUk; rkd;ghl;il cgNahfpf;f.

rxnG
     

= rxnH  -   rxnS

= -283.0 kJ mol-1 - (298 K) (-86.6 J mol-1 K-1) (1KJ/1000 J)

= -257 kJ mol-1

rxnG  kiwahdJ. vdNt Rakhf jhf;fk; epfOk;.



                       f.ngh.j.(c/j) ,urhadk;: myF 5     rf;jpapay;

66

ml;ltiz 2.2 A - rkd;ghLfspd; RUf;fk;

rkd;ghL      myFfs;

jhf;f ntg;gcs;Siw

epak jhf;f ntg;g

cs;Siw khw;wk;

vR tpjp

jhf;fj;jpw;fhd epak

ve;jpug;gp khw;wk;

epakepiyapd;

RahjPd rf;jpkhw;wk;

xU jhf;fk; Rakhf

epfOk; jd;ik

-p rH v H v H   (tpisTfs;) (jhf;fpfs; )

rxn P f r fH H H         (jhf;fpfs; )(tpisTfs;)

(
rP  , tpisTfs; jhf;fpfs; Mfpatw;wpd; gPrkhd

Fzfq;fs;)

xU nrad;Kiw gy gbfspD}lhf / epiyfsp

D}lhf epfOk;NghJ (fUJNfhl; gbfshf

,Ug;gpDk;) xU KOr; nrad;Kiwf;Fkhd ntg;g

cs;Siw khw;wk;> xt;nthU gbfspdJk; ntg;g

cs;Siw khw;wj;jpd; $l;Lj;njhiff;Fr;

rkd;

(,d;DNkhu; Kiwapw; $wpd; vR tpjp) epiyj;

njhopw;ghLila ntg;g cs;Siw ,ay;gpd;

vspa tpisT. njhlf;f epiyapypUe;J ,Wjp

epiyf;Fr; nry;Yk; ghijfSld; rk;ge;jg;glhJ.

H (my;yJ H ,r ;nrad;Kiw epak

epge;jidfspy; eilngw;why;) xNu ngWkhdj;

ijf; nfhz;bUf;Fk; my;yJ ntg;g cs;Siw

khw;wj;jpd; ngWkhdk; jhf;fk; eilngWk;

ghijapy; jq;fpapUg;gjpy;iy.

rxn P f r fS S S         (jhf;fpfs; )(tpisTfs;)

rxnG  =  rxnH  - TT rxnS

Rakhf epfOk;

Rakhf epfohj jhf;fk;

rkepiy

vy;yh ntg;gepiyfspYk; Rakhf epfOk;

cau; ntg;gepiyapy;; Rakhf epfOk;

jho; ntg;gepiyapy; Rakhf epfOk;

vy;yh ntg;gepiyfspYk; Rakhf epfohJ

(gpd;Kfj; jhf;fk; RakhdJ)

kJ mol-1

kJ mol-1

J K-1 mol-1

kJ mol-1

rxnG   <   0

rxnG   >   0

rxnG  =    0

rxnH -ve,  rxnS  +ve

rxnH  +ve, rxnS  +ve

rxnH  -ve,  rxnS  -ve

rxnH  +ve,  rxnS -ve
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