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Ca~aaoM ko ilae inado-Sa 

 Aapko raola naM.ko AaiKrI caar AMk saBaI pnnaaoM ko }pr ilaKoM | 

 [sa prIxaa kapI maoM 27 pnnaaoM pr problems hOM ]%tr baâ@sa kao imalaakr |  

 Yah jaaMca lao ik [sa kapI maoM saBaI pnnaoM hOM | nahIM haonao pr inarIxak kao turMt batae^M | 

 saBaI ]%tr ]pyau@t baâ@sa maoM ilaKo haonao caaihe | baakI khIM ilaKo hue ]%tr AaMklana ko ilae nahI ilae jaae^Mgao |   

 [sa kapI maoM ]%tr ilaKnao ko ilae pyaa-Pt jagah dI ga[- hO | yaid ilaKnao ko ilae AaOr jagah caaihe tao inarIxak sao Aitir@t ir@t 

pnnao lao sakto hO ([sa pnnaoM pr ek baa^@sa banaae AaOr p`Sna saM#yaa BaI ilaKoM) Aitir@t pnnao pr Apnaa raola naM.ilaKkr mau#ya kapI 

sao saMlagna krae^M | 

 ]%tr kovala pona sao hI ilaKoM (ga`af kao CaoD,kr) poinsala sao ilaKo ]%traoM pr marks kToMgao | 

 iksaI BaI gaNanaa ko mau#ya carNa idKae^M | 

 bahuivaklpI p`SnaaoM ko ]%tr ko ilae, sahI baâ@sa mao X lagaae^M | kuC bahuivaklpI p`SnaaoM maoM ek sao jyaada sahI ivaklp hao sakto hOM | 

 saamaanya -eomaInaao AmlaaoM kI saMrcanaae^M [sa pnnao ko pICo dI ga[- hOM |  

 t%vaaoM kI Periodic Table kI ek p`it Ant maoM dI ga[- hO |  

 jaba tk kha na jaae prIxaa kxa na CaoDoM | 

 

Fundamental Constants 

Avogadro number  NA = 6.022 × 10
23

 mol
1

   Mass of electron  me = 9.109 × 10
31

 kg 

Electronic charge  e     = 1.602 × 10
19

 C   Speed of light   c = 2.998 × 10
8
 m s

1
 

Molar gas constant  R  = 8.314 J K
–1 

mol
1

   1 atomic mass unit (1 amu) = 1.660 × 10
27

 kg 

0.08205 L atm K
−1
 mol

−1
 Density of mercury  = 13.6 × 10

3
 kg m

3
  

 Faraday constant F = 96485 C mol
1 

 pH =  log [H
+
] pKa =  log Ka  pKsp =  log Ksp  
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Problem 1 23 marks

saamaanya AaOr Asaamaanya eomaInaao Amla

jIava jagat maoM p`aoTIna sabasao AiQak ivaivaQata dSaa-nao vaalao mah%vapUNa- yaaoOoigak hoOM, jaao saMrcanaa%mak $p sao ivaivaQa -eomaInaao AmlaaMo sao

banao haoto hOM | -eomaInaao Amla kovala p`aoTInaaoM ko inamaa-Na KND hI nahI haoto, Aiptu yao ivaiBanna ik`yaaAaoM ko kark BaI haoto hooOM | eomaInaao
AmlaaoM kI yah xamata ]nakI AiWtIya saMrcanaa ko karNa haotI hoO | yahâM hma phlao eomaInaao AmlaaoM ko saamaanya gauNaaoM kao doKoMgao AaOr
ifr dao ivaSaoYa eomaInaao AmlaaoM kI baat kroMgao |

Baaga 1

hr eomaInaao Amla ko kma sao kma dao pKa maana haoto hOM ek –COOH ka AaoOr dUsara –NH2 samaUh ko saMyaugmaI Amla ka | eomaInaao
Amla p`aolaIna (proline) ko dao pKa maana hOM: pKa1 = 1.95 AaoOr pKa2 = 10.64 |

1.1 p`aolaIna ko jalaIya ivalayana maoM pH = 1.95 AaoOr 10.64 pr saamyaavasqaa ilaKoM |

-eomaInaao AmlaaoM kao p`aya: ]nako Isoelectric pH (ijasao pI ilaKa jaata hoO) ko maana sao samaJaa jaata hO | pI vah pH hO ijasa pr
eomaInaao Amla mao ek ik`yaa%mak samaUh ko p`aoTânaIkrNa ka pirmaaNa dUsaro ik`yaa%mak samaUh ko iDp`aoTânaIkrNa ko pirmaaNa ko barabar
haota ho | [sa pH pr eomaInaao Amla kI jalaIya ivalayana maoM iva_ut caalak xamata sabasao kma yaa SaUnya ko barabar haotI ho tqaa [sako
ANau ijvaTr Aayana (iWQaùvaIya Aayana) ko $p maoM maaoOjaUd haoto hOM |

1.2 pI kI ]prao> pirBaaYaa ko AaQaar pr p`aolaIna ko pI, pKa1 AaOr pKa2 ko baIca saMbaMQa p`aPt kroM |
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1.3 eomaInaao Amlaao saoM saMbaMiQat inamna vaa@yaaoM kao doKoM AaOr sahI baâ@sa mao X lagaaeM̂ |

A. -eomaInaao AmlaaMo ko –COOH samaUh ka pKa maana eisaiTk Amla ko pKa maana sao kma haota hO |

sahI galat

ba. -eomaInaao AmlaaMo ko –NH3
+ samaUh ka pKa maana p`aqaimak eomaIna sao p`aPt –NH3

+ samaUh ko pKa maana sao kma haota

hO | sahI galat

1.4 jaba eomaInaao Amla kI SaaiKt EaMKlaa maoM Aitir@t AmlaIya yaa xaarIya ik``yaa%mak samaUh haoto hOM tao ]nhoM k`maSa: AmlaIya yaa
xaarIya eomaInaao AmlaaoM kI EaoNaI maoM vagaI-kRt ikyaa jaata hoO | eomaInaao Amla Arginine ko pH = 0-14 ko prasa maoM tIna
pKa maana haoto hOM |

(A) Arginine ko ilae sahI tIna pKa maana hoOM (sahI baâ@sa mao X lagaaeM^ ) :

i. 1.2, 2.0, 9.0 ii. 3.1, 5.0, 12.3
iii. 3.0, 6.7,12.1 iv. 2.2, 9.0, 12.5

(ba) Arginine kI inamna saMrcanaa maoM ]na samaUhaoM pr gaaolaa banaaeM ̂jaao H+ ko Aadana p`dana maoM sammailat hOM tqaa (1.4 A) ko ]<ar
ko AaQaar pr pKa maana ilaKoM |

COOH
C

N H2

H

N
H

C

N H

N H2
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iWQaùvaIya Aayana iWQa`uvaIya Aayana + H+

(sa) Arginine eomaInaao Amla ko iWQaùvaIya Aayana kI saMrcanaa banaaeM̂ AaOr [sa iWQaùvaIya Aayana maoM ek H+ jauD,nao pr bananao vaalao

Aayana/ANau kI saMrcanaa BaI banaaeM^ |

(D) Arginine ko pI ka maana inakalaoM AaOr [sa ]<ar tk pĥuMcanao ko ilae Saaimala carNaaoM kao BaI ilaKoM |

k`aomaoTaoga`afI (Chromatography) ek tknaIk hO, ijasamao iksaI isqar p`avasqaa (stationary phase) evaM gaitmaana
p`avasqaa (mobile phase) ko ivatrNa maoM AMtr ko AaQaar pr pdaqaa-Mo kao ]nako gaitmaana p`avasqaa (trla Aqavaa gaOsaIya) sao
p`qak ikyaa jaa sakta hO | Aayana e@sacaoMja k`aomaoTaoga`afI maoM gaitmaana p`avasqaa mao AavaoiSat AayanaaoM kao AaOMr isqar p`avasqaa maoM
Qana yaa ?Na AavaoiSaya samaUhaoM sao AMt: ik`yaa ko AaQaar pr Alaga ikyaa jaata hO | [samaoM isqar p`avasqaa p`aya: Aayana-e@sacaoMja
roisana (ion-exchange resin) kI haotI hO | inamna saMrcanaa ek Aayana e@sacaoMja roisana (X) kao dSaa-tI hoO ijasamaoM –
SO3

Na+ samaUh hoOM (jaoOsao idKae gae hOM) | roisana maoM Na+ Aayana kI jagah gaitmaana p`avasqaa maoM AavaoiSat QanaAayana lao laotI
hO,, [sailae [sa roisana kao koTayana e@sacaoMja roisana kha jaata hO |

(X)
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2R-SH R-S-S-R + 2H+ + 2e
(O)

1.5 Tryptophan (A, pI = 5.88), histidine (B, pH = 7.6) AaOMr Aspartic acid (C, pI = 2.98) ko samamaaolar
imaEaNa ka pH = 6.0 ko bafr maoM ivalayana banaayaa gayaa | [sa ivalayana kao X ko ek kâlama mao Dalaa gayaa | [sa kâlama sao baahr
inaklanao maoM eomaInaao AmlaaoM ka k`ma haogaa (sahI baâ@sa maoM X lagaaeM̂) |

i) A, B, C ii) C, A, B iii) B, C, A

iv) A, C, B v) C, B, A vi) B, A, C

Baaga 2

korâiTna (baalaao ko p`aoTIna) maoM cysteine kI k[- [ka[-yaâM haotI hOM | p`aoTIna EaMKlaa ko Alaga-Alaga ihssaaoM sao yao [ka[-yaaM̂ hlko
Aa@saIkrNa sao Disulphide AabaMQa banaatI hO jaao baalaao kao i~aivamaI saMrcanaa doto hOM |

baalaaoM ka saIQaa yaa GauMGaralao haonaa [na -s-s- AabaMQaao ko rearrangement pr inaBa-r haota hO |

At:, markoPTao (mercapto/ thiol) samaUh vaalao eomaInaao Amla Apcaayak spISaIja ka kama krto hOM |

1.6 (A) sabasao sarla β-markoPTao-α-eomaInaao Amla Cu(II) kao Cu(I) maoM Apcaiyat kr dota hO | [sa AiBaik`yaa ko ilae saMtuilat
rasaayainak samaIkrNa ilaKoM |

yaaOigak P, ek ka[rla kond ̀vaalaa β-mercapto -emaInaao Amla hO jaao einTbaâyaaoiTk poinaisailana ko jaOivak ApGaTna sao
banata hO | P AiQak maa~aa maoM jaba kâpr (II) @laaora[D [copper (II) chloride] ko saaqa ]sako pI(6.2) pr AiBaik̀yaa
krta hoO tba pIlao rMga ka Q ka Avaxaop (precipitate) dota hO | t%va AnvaoNa batata hO ik Q maoM 26.14% C, 5.26
H AaOr 27.66% Cu hO | yaaOigak Q (maaolar d`vyamaana = 229.52 g mol-1) maoM panaI (water of hydration) ka
ek ANau haota hO |

(ba) AavaSyak carNaaoM kao p`diSa-t krto hue Q ka AaiNvak saU~a inakalaoM |
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(sa) P kI saMrcanaa banaaeM̂ |

ivalsana raoga [MsaanaI SarIraoM maoM taMbao ko jamaa haonao ka AnauvaaMiSak raoga hO | [saka [laaja P jaOsao pdaqaao- sao ikyaa jaa sakta hoooO jaao
taMbao kI Aayana ko saaqa kIlaoT kr sakto hOM | laU[sa xaar jaOsao ik thioethers AaOr thiolates Cu(II) kI Apoxaa Cu(I) ko
saaqa sqaayaI ]psahsaMyaaojana yaaOigak banaato hOM ijanamaoM ]psahsaMyaaojana saM#yaa 2 sao 4 haotI hO | jabaik Cu(II) Aayana eomaInaao,, eomaIDao
AaOr karbaaoinala Aâ@saIjana jaOsao laU[sa xaarao ko saaqa ]psahsaMyaaojana saM#yaa 4 sao 6 dota hO |

(D) P ko AaiQa@ya maoM ]sako pI = 6.24 pr copper (II) chloride ko saaqa AiBaik`yaa ko ilae saMtuilat rasaayainak samaIkrNa
ilaKo ijasamao ]%pad Q banata hO |

Baaga 3:

qaa[râ@saIna

qaa[râ[D hamaao-na eomaInaao Amla tyrosine ko vyau%pnna hOM ijanamaoM eoraomaOiTk kaba-na prmaaNauAaoM sao Iodine ko prmaaNau jauD,o haoto hO |
qaa[ra[D hamaao-na dao haoto hOM ijanamaoM mau#ya qaa[râ@saIna hO | qaa[râ@saIna kI AaiNvak saMrcanaa 1927 maoM KaojaI ga[- AaOr yah BaI pta
calaa ik [sako ANau p`kaiSak saik̀ya haoto hOM pr [saka stereochemical ivanyaasa pta lagaanaa kizna qaa | sana\ 1934 maoM, laMdna
ko ek maoiDkla kâlaoja maoM raoga rsaayana ko SaaoQakta-AaoM nao L-tyrosine kao [stmaala krto hue qaa[râ@saIna ka ivanyaasa inamna
ivaiQa sao pta lagaayaa |

1.7 (i) phlao SaaoQakta-AaoM nao L-tyrosine kao [stomaala krko inamna trIko sao Z banaayaa | D-F kI i~aivama saMrcanaa banaato hue
inamna rasaayainak AiBaik`yaa k̀ma kao pUra kIijae |
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1) Dilute acid / heat

Step (II)

L-tyrosine

K2CO3/

2-butanone

2) FeSO4 / Ba(OH)2

1) C6H5COCl

(1 equivalent)

2) SOCl2

Step (III)

3) C2H5OH

Step (I)

(ii) Step III maoM imaEaNa FeSO4/Ba(OH)2 BaUimaka inaBaa rha hO

1) Apcaayak kma-k kI 2)AvaxaopNa kma-k kI 3)]psaMyaaojana kma-k kI
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H2 / Pd 1) NaNO2 / HCl, 0 - 5°C

CaCO3 2) 5 N HCl

Step (IV) Step (V)

iii) yaaOigak F sao ifr inamna AiBaik`yaa kra[- ga[- | G AaOr Z kI saMrcanaa stereochemical ivanyaasa ko saaqa banaaeM̂ |

qaa[râ@saIna (C15H11O4NI4) ko jalaIya ivalayana kao (H2 gaosa maoM) Pd/CaCO3 sao AiBaik`yaa kranao ko baad BaI vahI yaaOigak
Z imalaa (Amla imalaakr vaaYpIkrNa ko baad) | [sa Z ka BaI vahI ivaiSaYT Qaùvana GaUNa-na (specific rotation) qaa jaao L-
tyrosine sao imalao Z ka qaa |

iv) ]prao@t jaanakarI ko Anau$p qaa[râ@saIna (Thyroxine) kI ek saMBava i~aivama saMrcanaa banaaeM̂ |
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Problem 2 17 marks

baaoran̂a yaaOigakaoM kI samaya ko saaqa yaa~aa

baaoran̂a p``kRit maoM vyaapk rUp sao baaoro@sa, ijasao ArbaI maoM baurak, ihndI maoM sauhagaa evaM saMskRt maoM TMkna ko naama sao jaanaa
jaata hO, ko rUp mao payaa jaata hOM | sar DovaI nao 1807 mao baaoirk Amla sao baaoran̂a t%va (B) kao p`aPt ikyaa | prntu
AgalaI sadI maoM isanqaoiTk rsaayana&aoM nao [samaoM kao[- rUica p`diSa-t nahIM kI | 1910 ko Aasapasa, jama-naI maoM Alf`oD sTâk

nao baaoran̂a ko Anaok yaoaoigak banaayao ijanho ha[D/aokaba-nsa ko samaana hI, baaoronsa kha gayaa | prntu baaoronsa ]nasao AiQak
AiBik`yaaSaIla qao |

iWtIya ivaSva yauw ko Aasa-pasa rsaayana&aoM kao Acaanak hI &at huAa ik baaoronsa ka ]pyaaoga saOnya AavaSyaktaAaoM evaM
maaOsama gaubbaaraoM maoM Barnao hotu ha[D/aojana ko rasaayainak saMg`ahNa maoM ikyaa jaa sakta hO | [na kayaao-M hotu NaBH4

ek ]pyaaogaI yaoaoigak qaa jaao jala ko saaqa ik`yaa krko ha[D/aojana ]%pnna krta hO |

2.1 NaBH4 ko 100 g kI AiBaik`yaa jala ko saaqa 250C pr kranao pr ]%pnna gaOsa ka ]pyaaoga gaubbaaro kao Barnao
maoM ikyaa gayaa | AiBaik̀yaa ko ilae saMtuilat samaIkrNa ilaKoM | yah maanato hue ik gaubbaaro ko AMdr ka daba baa(ya
daba ko lagaBaga samaana hO, AiBaik`yaa pUNa- haonao pr gaubbaaro ko Aayatna ka Anaumaana lagaaêM | Apnao ]%tr kI
gaNanaaAaoM ko mau#ya pdaoM kao ilaKoM |

NaBH4 banaanao kI ivaiQa ka ivakasa Amaoirka ko eca.saI.baa`]na nao yauroinayama ko SaaoQana ko ilae ikyaa qaa na ik baaoronsa
ko inamaa-Na ko ilae | ]nako pI.eca.DI. SaaoQa pya-vaoxak SlaoisaMgar(Schlesinger) nao Kaojaa ik yauroinayama ek vaaYPaSaIla
yaoaoigak [U(BH4)4] banaata hO ijasaka ]pyaaoga yauroinayama ko samasqaainakaoM ko pRqa@krNa maoM ikyaa jaa sakta qaa |

2.2 baaoraoha[D/a[D ?Naayana saMkula yaoaoigakaoM maoM ek ilaganD kI BaUimaka inaBaata hO ijanamaoM Qaatu Aayana B-H AabanQa sao
jauD,ta hO na ik iksaI prmaaNau sao | gaOsaIya Avasqaa maoM [U(BH4)4] yaoaoigak ko nyaUT/an̂a ivavat-na sao &at huAa ik
U(IV) kI ]psahsaMyaaojana saM#yaa 8 sao AiQak haotI hO jabaik zaosa Avasqaa maoM [sakI saMrcanaa bahulakIya hO
ijasamaoM U(IV) kI ]psahsayaaojana saM#yaa 14 hO | yaoaoigak kI gaOsaIya evaM zaosa AvasqaaAaoM maoM sqaayaI saMrcanaaAaoM
kao banaaeM̂ | saMrcanaaAaoM kao banaato samaya Aap D̂aT-vaoja naaoToSana ka, jahaM AavaSyakta hao, ]pyaaoga kr sakto hOM |

(naaoT - saMrcanaaAaoM ko inaQaa-rNa maoM i~aivama pB̀aava ek mah<vapUNa- BaUimaka inaBaa sakto hOM |)
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Gas phase Solid phase

baohtr ivaklpaoM ko ivakasa ko karNa [U(BH4)4] ivaiQa ka ]pyaaoga AMtt: naaiBakIya Anaup`yaaogaaoM ko ilae nahIM huAa | prntu
[sanao [Na(BH4)4] ko baDo, pOmaanao pr ]<padna kI ivaiQa ivakisat krnao maoM madd kI | [Na(BH4)4] kaba-inak saMSlaoYaNaaoM
maoM ek p`mauK AiBakya-k hOM | [sako ilae eca.saI.baa]̀na kao rsaayana iva&ana ka naaobaola purskar p`aPt huAa |

baaoran̂a ko Anya gauNaQama- nao BaI naaiBakIya vaO&ainakaoM ka Qyaana AakiYa-t ikyaa | baaoran̂a ko ek samasqaainak 10B maoM nyaUT/an̂a
AvaSaaoYaNa kI pc̀aur xamata haotI hO | [saIilae naaiBakIya ire@TraoM maoM baaoran̂a CDao, ka ]pyaaoga ivaKnDna AiBaik`yaaoM ko mMadk
ko $p moaM ikyaa jaata hO |

2.3 baaoran̂a ka AaOsat prmaaNau Baar 10.81 amu hO evaM baaoran̂a ko maa~a dao samasqaainak  10B evaM 11B Paae jaato hOM
| [na samasqaainakaoM ko d`vyamaana k`maSa: 10.0129 amu evaM 11.0093 amu hOM | baaoran̂a ko p`akRitk saOMpla maoM
10B ko prmaaNauAaoM ka pìtSat iktnaa hO? gaNanaaAaoM ko pdaoM kao ilaiKe |

naaiBakIya ire@TraoM mMoa yaa naaiBakIya duGa-Tnaa ka isqait mMoa nyaUT/a^naaoM kI saM#yaa kao saIimat krnao ko ilae baaoran̂a ko
yaaOigakaMo ko ivalayanaaoM ka (rasaayainak iSamsa ko $p maoM) ]pyaaoga ikyaa jaa sakta hO |

2.4 baaoirk Amla (H3BO3) evaM baaoro@sa (Na2B4O7.10H2O) ko saMtRPt jalaIya ivalayanaaoM maoM sao kaOna saa AiQak
p`BaavaI rasaayainak iSamsa (chemical shims) haogaa? Apnao ]<ar ko ilae saBaI pdaoM kao ilaKoM | baaoirk Amla evMa

baaoro@sa kI ivalaoyata k`maSa: 52 g L1 evaM 58 g L1 hO |

10 B + 1 n [11B] 4 He + 7 Li + 2.79 MeV
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P Q R

10B ko nyaUT/an̂a AvaSaaoYaNa gauNa ka ]pyaaoga kOMsar ]pcaar maoM BaI ikyaa jaata hO ijasao baaora^na nyaUT/an̂a kOPcar qaIropI
(BNCT) kha jaata hO | yaid iksaI ANau, ijasamaoM baaoran̂a ]pisqat hao, kao iksaI kOMsar kaoiSaka maoM rKa jaae tao nyaUT/an̂a
ivaikrNa kovala baaoran̂a sao ik`yaa krogaa evaM t%pScaat ]%saija-t Alfa kNa kovala kOMsar kaoiSakaAaoM kao hI naYT kroMgao
tqaa Anya kaoiSakaeM̂ ijanamaoM baaoran̂a ]pisqat nahI hOM, ]nho naYT nahIM kroMgao | BNCT Anaup`yaaoga hotu 10B saMvaiQa-t ANauAaoM
ko inamaa-Na kI ek ivaiQa naIcao dI ga[- hO :

2.4 P, Q evaM R kao phcaanaoM |

baaoronsa maoM payaI jaanao vaalao Asaamaanya AabaMQanaao kI saOwaMitk vyaa#yaa ek caunaaOtI rhI hO | baaoran̂a t%va ka
ik`sTlaIya $p B12 ivaSaMflakI (Icosahedra) [ka[yaaoM sao inaima-t haoto hOM jaao pD,aosaI ivaSaMflakI [ka[- sao
baaoran̂a-baaoran̂a AabanQaao sao BaI jauDo haoto hOM | ivaSaMflakI kI ek p`a$pI saMrcanaa yahâM dI ga[- hO :

2.5 baaoran̂a ko ik`sTlaIya $p maoM iksaI baaoran̂a prmaaNau Wara banaae gae AabanQaaoM kI AiQaktma saM#yaa hO

[sasao AiQak AaScaya-janak Kaoja hu[- jaba vaO&ainak samaana Z,acao kI saMrcanaa vaalao yaaOoigakaoM ko inamaa-Na krnao maoM safla rho
ijanamaoM kuC baaoran̂a prmaaNauAaoM kao, samaana AabanQaaoM ko saaqa, kaba-na prmaaNauAaoM Wara pìtsqaaipt ikyaa gayaa qaa | [namaoM sao
ek yaaOigak C2-kabaao-rona (C2-carborane) hOM ijasakao banaanao kI ivaiQa naIcao dI ga[- hO |
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S T

X = F/Cl/Br

a) b)

AcetonitrileNaOC2H5

B10H12
S T

CH CCH2Br
O

OH

BNCT ko ilae baaoran̂a-yau@t ANauAaoM kao hamaao-naaoM ko saaqa saMyauigmat krnao pr TyaUmar kaoiSakaAaoM kao varIyata ko saaqa
laixat ikyaa jaa sakta hO @yaaoMik kuC AMgaao ko T\yaUmar vaRiw-hamaao-naaoM (growth hormones) pr inaBa-r krto hOM |

Pa`arimBak AQyayanaaoM maoM [sa kaya- hotu [sT/aona (Estrone) ka ]pyaaoga ikyaa gayaa, ijasao naIcao p`diSa-t ikyaa gayaa hO |

2.6 S evaM T kI saMrcanaaeM̂ banaaêM |

2.7 baaoran̂a yaaOigakaoM ka ]pyaaoga kovala ]pcaar ko ilae hI saIimat nahIM hO varna\ [saka ]pyaaoga naOdainak Anaup`yaaogaaoM
(diagnostic applications) maoM BaI ikyaa jaata hO | pa[raola [ka[yaaMo sao banao hue baaoran̂a yaaOigakaoM ka ek
samaUh ka ]pyaaoga jaIivat kaoiSakaAaoM maoM ]pisqat Anaok pardSaI- kaoiSakaMgaao kao (ijanho doKnaa kizna hO) doKnao
evaM rMganao hotu rMgaao ko $p maoM ikyaa jaata hO | [na yaaOigakaoM maoM AabanQa, jaOva rasaayainak pirisqaityaaoM maoM BaI,
A%yant sqaayaI haoto hOM | At: yao yaaOigak kaoiSakIya p`ik`yaaAaoM maoM baaQaa nahIM phucaato hOM | naIcao eosao dao ]dahrNa
ide gae hOM:

Acetonitrile

C2-carborane
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i. a maoM baaoran̂a kI Aa@̂saIkrNa Avasqaa @yaa hO?

ii. a maoM baaoran̂a ko caaraoM Aaor @yaa jyaaimait hO?

iii. ]pyau-@t yaaOigak a ko tInaao hOlaa[Dao, (X = F/Cl/Br) maoM sao kaOna jalaIya ivalayana maoM savaa-iQak sqaayaI haogaa?

iv. iksaI X ko ilae, sqaayaI yaaOigakaoM ko jalaIya ivalayanaaoM maoM a evaM b maoM sao kaOna saa rMga vasaa ]<akaoM kao

varIyata ko saaqa rMganao ka kaya- krogaa?
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Apcaiyat spISaIja Anaunaad saMrcanaaeM̂

B

AHennosides

Problem 3 19 Marks

ihnaa ka rsaayana – laâsaaona

hma maOĥMdI yaa ihnaa kao haqaaoM, baalaaoM tqaa kpDaoM, kao rMganao ko ilae ek rMga ko $p maoM jaanato hO | ihnaa ka
naarMgaI rMga ek yaaOigak laâsaaona kO karNa haota hOM |

Baaga I: laâsaaona ko gauNaQama-

ihnaa ko p<aaoM maoM laâsaaona nahIM haota hO bailk [samaoM ek “ihnaaosaâ[D” (Hennosides) naamak yaaOigak haoto hOM
| jaba p<aaoM kao pIsato hOM tao ]samao kaoiSakaeM̂ TUTtI hMO, tba ejaaM[-ma ihnaaosaâ[Dsa kao taoD,kr ek glaukaosa (C6H12O6) AaOr ek
T/ayaaola (A) ka ANau banata hO | T/ayaaola (A) ka hvaa ko saaqa Aâ@saIkrNa haonao pr laâsaaona ka ANau banata hO | yaaOigak (A) 2, 4-
Dinitrophenylhydrazine ko saaqa sakara%mak prIxaNa dota hO |

3.1 saMBaaivat ihnaaosaâ[Dao evMa T/ayaaola A kI saMrcanaaeM banaa[-e |

3.2 inamna maoM sao kaOna saa saamaanya pdaqa- ihnaaosaâ[Dsa kao jalaIya ApGaiTt krogaa? (sahI baâ@sa mao X lagaaeM̂ )

A) naIMbau ka rsa ba) glaukaosa isarp k) NaHCO3

3.3 laâsaaona jala mao calaavayavata (tautomerisation) dSaa-ta hO | laâsaaona ko calaavayava B kI saMrcanaa ilaiKe |

laâsaaona ka rMga 3.6 sao kma pH pr pIlaa haota hO  AaOr 3.6 sao jyaada pH pr laâsaaona ivalayana mao Apnaa p`aoTâna ivalaaoipt krko
naarMgaI hao jaata hO | p`bala xaarkaoM mao Lâsaaona Apcaiyat haokr Anaunaad saMrcanaa kI vajah sao A%yaaiQak sqaayaI spISaIja banaata hO |

3.4 p`aoTâna ivalaaoipt laâsaaona ko ek [lao@T/âna Apcayana sao bananao vaalaI saBaaMivat saMrcanaaeM ilaiKe | Apcaiyat spISaIja kI
savaa-iQak sqaayaI Anaunaad saMrcanaaeM̂ BaI ilaiKe |

Lawsone



Indian National Chemistry Olympiad 2019 Roll No

© HBCSE, February 2, 2019 14

jaugalaaona yaaOigak (1,4-naphthalene dione ka 5-hydroxy vyau%pnna) laâsaaona sao imalatI jaulatI saMrcanaa vaalaa hO jaao AKraoT
kI Cala, jaDaoM evaM p<aaoM maoM payaa jaata hO | laâsaaona AaOr jaugalaaona daoMnaao mao AMtra-ANauk (intra-molecular) hâ[D/aojana AabaMQa banato
hOM |

3.5 laâsaaona tqaa jaugalaaona kI AMtra-ANauk hâ[D/aojana AabaMQa saiht saMrcanaaeM̂ banaa[-e |

3.6 [namaoM samatlaI ANau hOM : (sahI baâ@sa mao X lagaaeM̂)

laâsaaona jaugalaaona

3.7 laâsaaona tqaa jaugalaaona maoM saoM kaOna saa yaaOigak AiQak AmlaIya hO (sahI baâ@sa mao X lagaaeM̂) ?

laâsaaona jaugalaaona

Baaga II: bahulakaoM mao laaŝaaona

laâsaaona AaQaairt bahulakaoM kao }na tqaa Anya vas~aaoM kao rMganao ko ilae BaI ]pyaaoga kr sakto hOM | [na bahulakaoM ko ek eklak (C)
kao banaanao ko ilae inamna trIka [stomaala ikyaa gayaa qaa:

0.4 g laâsaaona kao 10 mL SauYk (jala riht) tetrahydrofuran (THF) maoM saamaanya tapmaana pr Aag-ana gaOsa ko vaatavarNa maoM

Gaaolaa gayaa | 10 imanaT ko pScaat\ 0.12 mL 2-propenoyl chloride (Gana%va = 1.12 g cm3) tqaa 0.254 g
triethylamine (Mol. Mass = 101.2 g mol−1) kao BaI ivalayana mao imalaayaa gayaa | [sako turMt baad ivalayana gahro laala rMga
ka hao gayaa | [sa rasaayainak AiBaik`yaa kao pUra krnao ko ilae 4 GaMTo tk eosao hI rKa gayaa | [sako ]prant ivalaayak kao
vaaYpIk`t kr hTayaa gayaa | ]sako pScaat\ 30 mL toluene kao imaEaNa maoM imalaayaa gayaa AaOr [sa ivalayana kao tnau salFyaUirk
Amla ko saaqa ihlaayaa gayaa; ifr jalaIya prt kao hTa idyaa | jaba toluene kao vaaYpIk`t krko hTayaa tao ek gahro laala rMga ka
]<pad 95% maa~aa maoM imalaa |

3.8 ]prao@t trIko ko AaQaar pr saMtuilat rasaayainak samaIkrNa kao pUNa- $p sao ilaKoM tqaa C banaanao ko ilae rasaayainak
AiBaik`yaa kI ja$rI pirisqaityaâM BaI tIr ko }pr ide hue baâ@sa maoM ilaKoM |

3.9 [sa rasaayainak AiBaik̀yaa maoM triethylamine ek ________ hO (sahI baâ@sa maoM X lagaayaoM)

a) xaark b) ]%pòrk c) naaiBaksnaohI d) Amla

3.10 [sa rasaayainak AiBaik`yaa maoM kaOna saa AiBakma-k saImaaMt AiBakma-k hO ? ]<ar tk phûMcanao ko ilae gaNanaa ko saBaI pdaoM
kao dSaa-eM^ |
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C

Toluene, AIBN (radical initiator)

Ar, 80oC, 72 h

3.11 jaba tnau salFyaUirk Amla kao AiBaik`yaa imaEaNa maoM Dala kr ihlaayaa gayaa tao ]samaoM haonao vaalaI rasaayainak AiBaik̀yaa kao
ilaKoM | yah BaI bataeM̂ ik yah rasaayainak AiBaikỳaa iksa p`avasqaa maoM haogaI |

ek Ca~aa [saI rasaayainak AiBaik`yaa kao baairSa ko idna kr rhI qaI AaOr vah saMyaaogavaSa AiBaik`yaa vaalao Flaâsk mao Aaga-na gaOsa kI
saPlaa[- lagaanaa AaOr Flaask kao baMd krnaa BaUla gayaI | [sa idna ]sakao Flaask mao gahro laala rMga ka ]%pad (C) nahI imalaa |

3.12 ]sa Anya rasaayainak AiBaik`yaa ka saMtuilat rasaayainak samaIkrNa ilaiKe ijasako karNa ]%pad (C) nahI banaa |

mau@t maUlak P`aarmBak kI ]pisqait maoM eklak (C) ka bahulaIkrNa (polymerization) hao sakta hO |

3.13 C kI inamna bahulaIkrNa AiBaik`yaa ko bahulak ]%pad kI saMrcanaa ilaKoM |

3.14 naIcao ide hue kqanaaoM ko ilae sahI baâ@saaoM maoM X lagaaeM̂ | sahI galat

(i) laâsaaona evaM jaugalaaona ko BaaOitk gauNa ek samaana haoMgao |
(ii) laâsaaona ek Amla-xaar saUcak hao sakta hO |

(iii) laâsaaona-Qaatu Aayana inakaya kao ek AâksaIkark ko $p maoM BaI [stomaala kr sakto hOM |



Indian National Chemistry Olympiad 2019 Roll No

©HBCSE, February 2, 2019 16

Problem 4 20 Marks

gaaolD ka SaaoQana

maanaa jaata hO ik p`kRit maoM gaaolD (saaonaa) mau@t Avasqaa maoM payaa jaata hO ifr BaI yah Qaai%vak lavaNaaoM ko saaqa imaiEat haota hO, AaOr
]nasao [sakao pRqak krnaa ek kizna p`ikyaa hO | phlao yah pRqa@krNa d`va markrI yaa @laaorIna gaOsa ko Wara ikyaa jaata qaa | prntu
lagaBaga 1887 maoM gaaolD Qaatu kI vaayau kI ]pisqait maoM saa[naa[D ivalayana Wara inaxaalana (Leaching) p`ikyaa kao ivakisat ikyaa
gayaa | [sa p`ik`yaa ka Baart samaot ivaSva ko Anaok ihssaaoM maoM Aaja BaI [stomaala ikyaa jaata hO |

Baaga 1: saa[naa[DoSana ivaiQa (cyanidation method)

NaCN ivalayana maoM gaaolD ka Gaulanaa ek Aâ@saIkrNa-Apcayana AiBaik``yaa hO ijasamaoM CN evaM Au+ ka ek sqaayaI ]psahsaMyaaojana
yaaOigak banata hO | yah AiBaik`̀yaa dao rasaayainak rastaoM (pathways) sao haotI hO ijasamaMo ek rasto maoM H2O2 inaima-t haota hO evaM
dUsaro rasto maoMoM H2O2 ka ]pyaaoga hao jaata hO |

4.1 gaaolD kI vaayau kI ]pisqait maoM CN ko ivalayana Wara, inaxaalana p`ik`yaa ko daonaaoM rastaoM ko ilae saMtuilat rasaayainak
samaIkrNa ilaiKe ijanamaoM gaaolD ka yaaOigak banata hO |

mah%vapUNa- baat yah hO ik kmaro ko tap eva 1 atm daba pr O2 kI (kma) saMtRPtta saand`ta (saturation concentration) (8.2

mg L-1) ko baavajaUd yah p`ik`yaa Aaiqa-k rUp sao ikfayatI hO | At: p`BaavaI inaxaalana ko ilae CN kI AiQak saand`ta kI
AavaSyakta nahIM p=tI hO |

4.2 yah maanato hue ik vaatavarNaIya O2 ko jala mao MivasarNa (diffusion) sao AiQak tIva` inaxaalana AiBaik`yaaeM̂ pUNa- hao jaatI
hOM, [na pirisqaityaaoM maoM, kmaro ko tap pr, gaaolD ko AiQaktma inaxaalana hotu NaCN kI iktnaI nyaUnatma saand`ta (g L-1

maoM) kI AavaSyakta haogaI?

4.3 gaaolD ko [sa saa[naa[D yaaOigak kI savaa-iQak ]pyau@t jyaaimait evaM ispna caumbakIya AaQaUNa- (µ spin only) ilaKMo |
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Au+(aq) ka Apcayana ivamava (Eo
Au

+
/ Au = 1.69 V) O2 ko ivaBava kI Apoxaa kafI AiQak hO jaao yah dSaa-ta hO ik iksaI BaI

pH maana pr O2 Wara gaaolD ka Aâ@saIkrNa nahIM haota | CN jaOsao p`bala complexing agents kI ]pisqait maoM gaaolD ka +1

yaa +3 Aâ@saIkrNa Avasqaa sqaayaIkRt haota hO ijasa sao gaaolD ka Apcayana ivamava kafI badla jaata hO | CN Aayana Au+(aq)+
e−⇌ Au(s) saamya kao p`Baaivat krtI hO inamna Aitir@t saamya ko karNa[Au(CN)2] (aq) ⇌ Au+(aq) +2CN (aq) pK = 38.3 (25°C pr)

4.4 inamna Aw- saola AiBaik`yaa ko ilae Eo ka maana pta kroM tqaa [sakI nana-sT samaIkrNa( Nernst equation) ilaKoM:[Au(CN) ] (aq) + e− ⇌ Au (s) + 2CN (aq)

Anaok roDâ@sa inakayaaoM ko ivad\yaut rasaayainak ivamava pH ko saaqa pirvait-t haoto hOM | [sa inaBa-rta kao EH (potential) vs pH
AaroKaoM Wara inarUipt krto hOM | maanak ha[D/aojana [lao@T/aoD ko saapoxa iksaI Aw- saola AiBaik̀yaa ka Apcayana ivamava Y-Axa pr evaM
pH X-Axa pr ilayaa jaata hO | KIMcaI ga[- roKa ko iBanna iBanna trf ko xao~a, E evaM pH ko maanaaoM kao dSaa-to hOM ijana pr saamya
kI isqait maoM (]YmaagaitkIya sqaaiya%va ko karNa) kao[- spIXaIja, savaa-iQak maa~aa maoM payaa jaata hO | yao AaroK naona-̀sT samaIkrNa pr
AaQaairt hOM (jaao ]YmaagaitkIya sao imalato hOM) prntu rasaayainak balagaitkI ko baaro maoM kao[- saUcanaa p`dana nahI krto hOM | 25oC pr
0.02 M NaCN ivalayana maoM a) Au, b) Ag, c) Pd evaM d) Pt ko ilae EH vs pH AaroK naIcao ide gae hO | H2O ko sqaaiya%va
saImaaAaoM (stability limits) kao dao dotted roKaAaoM ko Wara idKayaa gayaa hO jaao inamna saamyaaoM kao vya@t krto hOM –

O2(g) + 4H+(aq) + 4e  2H2O(aq)

2H+(aq) + 2e  H2(g)

xao~a 1 evaM 2 [ka[- activity pr km̀aXa: O2 evaM H2 ko sqaaiya%va ko xao~a kao vya@t krto hOM |
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4.5 pH = 7 ko ilae Au, Ag, Pd evaM Pt ko ]prao@t AaroKaMo maoM inaiht saUcanaaAaoM ko AaQaar pr–
(i) ]na QaatuAaoM kao phcaanaoM, ijanaka Aâ@saIjana kI ]pisqait maoM NaCN ivalayana ko Wara inaxaalana saMBava hO |

(ii) ide gae pH pr ]<ar 4.5 (i) maoM ide gae QaatuAaoM kao saa[naa[DoSana p`ik̀yaa Wara inaxaalana kI AnaukUlata ko Anausaar,
GaTto k`ma maoM vyavaisqat kroM |

4.6 Aâ@saIjana kI ]pisqait maoM NaCN ivalayana ko Wara gaaolD inaYkYa-Na ko ilae sabasao ]pyau@t pH hO –

Anaok gaaolD AyaskaoM maoM kâpr Kinaja BaI pae jaato hOM| At: saa[naa[DoSana p`ik`yaa ko daOrana kuC kap̂r ko Kinaja BaI

AasaanaI sao Gaulakr Anaok kâpr(I)-saayanaa[D ko saMkula yaaOigak banaato hOM | [na yaaOigakaoM ka bananaa saa[naa[DoSana p`ik`yaa maoM CNkI
AiQak Kpt ko karNa p`ik`yaa kI xamata evaM Aaiqa-k pxa kao p`Baaivat krta hO ijasasao gaaolD ko inaxaalana kI dr tqaa gaaolD kI
p`aiPt GaT jaatI hO|
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kâpr(I)-saayanaa[D ko saMkula yaaOigakao ko p`jaat ivakrNa (speciation) kI pH inaBa-rta inamna ica~a maoM idKayaI ga[- hO jahaM ai

saayanaa[D jaiTla yaaOigakao evaM kâpr kI kula saand̀ta ka Anaupat hO |

4.7 p`Xna 4.6 ko ]<ar maoM ide gae sabasao ]pyau@t pH pr saa[naa[DoSana p`ik`yaa ko daOrana, Au ko saaqa inaYkiYa-t kâpr(I)
saayanaa[D ]psahsaMyaaojana yaaOigakaoM ka saU~a ilaiKe–

kâpr ko ]psahsaMyaaojana yaaOigakaoM maoM sao Gauilat gaaolD sahsaMyaaojana yaaOigakaoM kao pRqak krnao hotu inaxaailat ivalayana maoM saik`ya kaba-na
imalaayaa jaata hO | Au(I)-saayanaa[D saMkula, Cu(I)-saayanaa[D saMkula yaaOigakaoM kI tulanaa maoM, varIyata ko Anausaar saik`ya kaba-na ko
iCd`aoM maoM calao jaato hO |

4.8 inamna ivaklpaoM maoM sao ]pyau@t p`oxaNaaoM ko sahI karNa / karNaaoM ko saamanao baâ@sa maoM X icainht kroM-

(a) Au (I)-saayanaa[D saMkula AayanaaoM ka kma jalayaaoijat (hydration) haonaa |

(b) Cu(I)-saayanaa[D saMkula AayanaaoM ka kma jalayaaoijat haonaa |

(c) Au (I)-saayanaa[D saMkula AayanaaoM ka AiQak AavaoXa Gana%va (charge density) haonaa |

(d) Cu(I)-saayanaa[D saMkula AayanaaoM ka AiQak AavaoXa Gana%va haonaa |

[sako ]prant saik`ya kaba-na kao NaOH /NaCN ivalayana ko saaqa xaailat (elution) krnao pr gaaolD ko saMkula yaaOigakaoM kao

p`aPt ikyaa jaata hO ijassao ivad`yaut p`apNa ivaiQa (electrowinning) ko Wara gaaolD kao p`aPt kr ilayaa jaata hO 

Baaga II: qaayaaoyaUiryaa ivaiQa (Thiourea Method )

gaaolD jaOsaI bahumaUlya QaatuAaoM ko inaYkYa-Na ko ilae qaayaaoyaUiryaa,, NH2CSNH2, ko [stomaala kI saMBaavanaa doKI jaa rhI hO @yaaoMik yah

saayanaa[DoSana maoM [stomaala ike jaanao vaalao rsaayanaaoM sao kma Gaatk hO 

4.9 Au ka qaayaaoyaUiryaa, ko saaqa foirk Aayana (jaao Aâ@saIkark ko $p maoM [stomaala haotI hO) kI ]pisqait maoM AiBaik`yaa ka

saMtuilat rasaayainak samaIkrNa ilaKoM ijasamaoM gaaolD ka ]psahsaMyaaojana yaaOigak banata hO 

X

X

...............dicyano Copper(I) complex

—— tricyanoCopper(I) complex

tetracyano Copper(I) complex
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gaaolD inaYkYa-Na ko ilae qaayaaoyaUiryaa ka [stomaala Aaiqa-k $p sao maoMhgaa pDta hO [saka ek karNa qaayaaoyaUiryaa ka Aâ@saIkrNa

Wara Anau%k`maNaIya xaya hO 

4.10 inamna saMtuilat samaIkrNa maoM qaayaaoyaUiryaa ka foirk Aayana kI ]pisqait maoM Aâ@saIkrNa pr bananao vaalao ]%pad kI
saMrcanaa banaaeM̂ |

2CS(NH2)2 + 2Fe3+ +   2H+ +    2Fe2+

jaba qaayaaoyaUiryaa kao Fe3+ ko ivalayana maoM Alaga imalaayaa gayaa tao Aâ@saIkrNa AiBaik`yaa iWtIya kaoiT AiBaik`yaa pa[- ga[- ijasaka

303 K pr vaoga isqaraMk 1.55 × 106 m3mol1s1 hO  [sa p`ik`yaa kI saik`yaNa }jaa- 79 kJ mol1 pa[- ga[- 
Au ko qaayaaoyaUiryaa AaOr Fe3+ Wara inaYkYa-Na AiBaik`yaa kI saik̀yaNa }jaa- 8.5 kJ mol1 hO 

4.11 inaYkYa-Na AaOr Aâ@saIkrNa AiBaik̀yaaAaoM ko ilae 303 K AaOr 295 K ko vaoga isqraMkaoM ka Anaupat inakalaoMAnaupataoM ko
AaQaar pr batayaoM ik samaana pirisqaityaaoM maoM qaayaaoyaUiryaa ko p`it iklaao sao gaaolD ka SaaoQana 295 K pr AiQak haogaa yaa

303 K pr? ]%tr tk p̂Mhucanao vaalao carNaaoM kao idKaeM̂ 

Au-qaayaaoyaUiryaa ]psahsaMyaaojana yaaOigakaoM kao inaYkYa-Na ivalayana maoM sao Aayana-e@sacaoMja roisana Wara Alaga ikyaa jaata hO Aayana-
e@sacaoMja roisana bahulak yaaOigak haoto hOM, ijanamaoM ik`yaa%mak samaUh haoto hO ijanasao ivalayana sao kuC Aayana yaa tao jauD, sakato hOM yaa

ik`yaa%mak samaUh ko AayanaaoM sao badla saktoo hOM 

4.12 inamna Aayana e@sacaoMja roisanaaoM maoM sao Au-qaayaaoyaUiryaa yaaOigak kao AiQaSaaoiYat krnao vaalao roisana hOM (sahI baa@sa maoM X lagaaeM̂)
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Au-qaayaaoyaUiryaa ]psahsaMyaaojana yaaOigakaoM kao Aayana e@sacaoMja roisana sao ek ivalayana maoM inaYkiYa-t ikyaa jaata hO [sa ivalayana sao

ivad`yaut p`apNa ivaiQa Wara SauW gaaolD imalata hO  [sa p`ikyaa maoM ek inaiYk`ya eonaaoD ko Wara jaba iv1d\yaut Qaara ka p`vaah ikyaa jaata hO

tao Qaatu koqaaoD pr jamaa haota hO AaOr qaayaaoyaUiryaa ivalayana maoM hI rh jaata hO  [sa ivalayana kao sTaca- saUcak kI madd sao KIO3

ivalayana sao Anaumaapna (titrate) kr [samaoM qaayaaoyaUiryaa kI maa~aa pta cala saktI hO 

4.13 paoToiSayama AayaaoDoT saoo AmlaIya ivalayana maoM qaayaaoyaUiryaa Aâ@saIkRt haokr [CS(NH2)2]2
2+ banaatI hO  [sa rasaayainak

AiBaik`yaa ka saMtuilat samaIkrNa ilaKoM 

4.14 5.35 g KIO3 kao Aasaut panaI maoM Gaaolakr 1 laITr maanak ivalayana banaayaa gayaa  ivad\yaut p`apNa ivaiQa ko baad imalao

qaayaaoyaUiryaa ivalayana ka 50.0 mL saoMpla ek baIkr maoM ilayaa gayaa  [samaoM kuC imailalaITr H3PO4 ka ivalayana AaOr 4-5 baUMd

sTaca- saUcak imalaayaa gayaa AaOr yah imaEaNa KIO3 maanak ivalayana ko saaqa Anaumaaipt ikyaa gayaa  KIO3 ivalayana ko 20.0 mL

Dalanao pr equivalence point imalaa  gaNanaa krko bataeM̂ ik 1 L Au-qaayaaoyaUiryaa ivalayana maoM (ijasao ivad`yaut p`apNa ivaiQa ko
ilae [stomaala ikyaa gayaa) sao iktnaa gaaolD (ga`ama maoM) imalaa haogaa ?
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Problem 5 24 marks

fa^sfoT evaM sT\$vaa[T

Baaga 1 fâsfoT sao sT\$vaa[T

saBaI jaIvaaoM ko SarIraoM maoM fâsfârsa ek AavaSyak t%va hO jaao hiD\DyaaoM AaOr jaOivak ANauAaoM jaOsao ik glycophosphate,  DNA,
RNA, ATP [%yaiad ko ilae ja$rI haota hO | paOQaaoM ko ilae BaI fâsfaorsa }va-rk (NPK maoM) ja$rI maanao jaato hOM-ijanamaoM mau#ya
hOM AârqaaofâsfoT lavaNa |

vahIM dUsarI AaOr, fâsfoT AayanaaoM kI naidyaaoM AaOr JaIlaaoM maoM AiQak saandt̀a icaMta ka ivaYaya banata jaa rha hO @yaaoMik [nasao SaOvaalaaoM
kI baZaotrI haotI hO ijasasao panaI ko jaIvaaoM AaOr Aasapasa rhnao vaalao laaogaao ka svaasqya KtroM maoM Aa jaata hO | jala s~aaotaoM maoM
fâsfaorsa saIvaoja AaOr Kotao sao Aanao vaalao bahavaaoM sao Aata hO | caUikM gando panaI maoM fâsfaorsa fâsfoTaoM ko $p maoM haota hO, saIvaoja
]pcaar saMyaM~a kI xamata ka ek pOmaanaa ]sasao inaklanao vaalao panaI maoM fâsfoT kI maa~aa ka GaTnaa hO |

iksaI ivalayana ko fâsfaorsa kI (fâsfoT ko $p maOM) saaMd`ta ]samaoM MgSO4 AaOr NH3 imalaakr AaMkI jaa saktI hO | bananao vaalao
Avaxaop MgNH4PO4.6H2O Aiqa-t maOgnaIiSayama Amaaoinayama faŝfoT ho@saaha[-D/oT (MAP, yaa ifr sT\$vaa[T) ka d`vyamaana
ivalayana ko saOMpla maoM fâsfârsa kI saaMd`ta batata hO |

5.1 yaid fâsfoT lavaNa ko ek maanak ivalayana ko 100 mL maoM p`caur maa~aa maoM MgSO4 AaOr NH3 Dalanao pr 10.496
mg MAP ka Avaxaop dota hO, tao [sa ivalayana maMo fâsfaorsa kI saaMd̀ta (mg L-1 maoM) inakalaoM |

5.2 ek panaI ko saOMpla maoM fâsfaorsa kI maa~aa dao ivaiQayaaoM sao jaâMcaI ga[-: MAP ivaiQa AaOr maanak spo@T/aoskaoipk ivaiQa |
MAP ivaiQa sao inakalaI ga[- maa~aa ko maana maoM 2% kI ~auuiT qaI | maapna maooM ~auiT kI pirBaaYaa hO ;

~auuiT = (maapa gayaa maana - vaastivak maana)/vaastivak maana

Avaxaop ko rasaayainak ivaSlaoYaNa sao pta calaa ik Mg2+:NH4
+:PO4

3 ka maaolar Anaupat 1:1:1 sao Alaga qaa | Avaxaop mao kuC
MgKPO4.6H2O (MKP) BaI qaa jaao panaI maoM K+ haonao ko karNa banaa, ijanakI vajah saoo 2% ~auuiT Aa[- qaI | [sa Avaxaop maoM
MAP:MKP ka maaolar Anaupat @yaa qaa?
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5.3 MAP ko Sauw saOMpla ka d̀vyamaana gama- krnao pr ]sako vaaYpSaIla ApGaTkaoM ko inakla jaanao ko karNa badlata hO | hr
tapmaana pr bacao hue zaosa ka p`itSat d`vyamaana inamna hOM:

kaoYzk maoM saM#yaaêM 205 oC AaOr 315 oC pr d̀vyamaana ko lagaBaga % GaaTo kao dSaa-tI hOM | 205 oC pr zaosa pdaqa- ek hI
yaaOigak A hO, jabaik 315 oC pr zaosa ek imaEaNa hO jaao yaaOigak A AaOr ek Anya yaaOigak B ka lagaBaga barabar d`vyamaana Anaupat
maoM hOMoM | A AaOr B kao phcaanao AaOr ]naka maaolar d`vyamaana inakalaoM | ]%tr inakalanao ko ilae ja$rI pd ilaKo |

Baaga 2 sT\$vaa[T kI AvaxaopNa pirisqaityaaM̂

saIvaoja maoM p`aya: NH4
+ AaOr Mg2+ Aayana fâsfoTaoM ko saaqa kafI maa~aa maoM haoto hOM | [sailae saIvaoja maoM sT\$vaa[T ka AvaxaopNa hao

jaata hOM ijasasao pa[p jaama hao jaato hOM | prntu iksaI ivalayana sao sT\$vaa[T ka AvaxaopNa inaBa-r krta hO ]sako pH pr, @yaaoMik
Anaok Aayainak saamya ]sako AvaxaopNa saamya kao p`Baaivat krto hOM | sT\$vaa[T kI AvaxaopNa pirisqaityaaoM kao samaJanao ko ilae hma
phlao [na saamyaaoM kao samaJaoMgao | maainayao ik ek inakaya maoM ek t%va X Anaok spISaIja X1.......Xn ko $p maoM haota hO | tao spISaIja
Xn ka tulanaa%mak p`itSat

]dahrNa ko ilae, fâsfoT iksaI ivalayana maoM pH ko AaQaar pr PO4
3,HPO4

2,H2PO4
 AaOr H3PO4 ko $paoM maoM hao sakta hO|

5.4 yaid H3PO4 ko pKa1 = 2.30, pKa2 = 7.20 AaOr pKa3 = 12.32 hOM, tao inamna tulanaa%mak AnaupataoM kao inakalao :

pH = 7 pr [PO4
3] : [H2PO4

] AaOr pH = 11 pr [PO4
3] : [HPO4

2] |

 
  100
X

X
X%

n

n
n 
 n

(51.08%)
(52.72%)
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ek AaOr pH pr inaBa-r p`ik̀`̀`̀`̀` `̀yaa hO Amaaoinayama Aayana AaOr Amaaoinayaa ko baIca kI saamyaavasqaa :

NH4
+(aq)⇌ NH3(aq) + H+(aq) pKa = 9.24

5 .5 yah maanato hue ik Amaaoinayaa ivalayana sao iksaI BaI samaya qaaoD,I BaI baahr nahI inaklatI, % NH4
+ ka pH pr inaBa-rta

idKanao vaalaa ga`af banaayaoM | ]sako ilae phlao inamna tIna ibanduAaoM ko inado-SaaMk inakalao :
A) pH = pKa (ibandu z1)

ba) pH = 11.0 (ibandu z2)

sa) pH jahâM % NH4
+ ~99% hO (ibandu z3)

tInaao ibanduAaoM ko inado-SaaMkao kI gaNanaa idKae AaOr tInaaoM ibanduAaoM kao ga`af pr AMikt krko idKaêM :



Indian National Chemistry Olympiad 2019 Roll No

©HBCSE, February 2, 2019 25

5.6 ivalayana ko pH pr inaBa-r krto hue Mg2+ Aayana yaa tao panaI maoM AiBaik`yaa kr GaulanaSaIla MgOH+ banaatI hO yaa
Mg(OH)2 ko $p maoM Avaxaop banaa laotI hOM |

Mg(OH)2 (s)⇌Mg2+(aq) + 2OH–(aq) Ksp = 5.61 × 1012

Mg2+(aq) + OH–(aq)⇌MgOH+(aq) K1 = 3.98 × 102

maainae ek 0.002 M MgCl2 ka ivalayana pH = 11.0 ko bafr mao banaayaa gayaa hO | [sa ivalayana maoM % Mg2+ (saBaI
GaulanaSaIla Mg spISaIja kI tulanaa maoM) ko maana kao inakalaoM | saBaI gaNanaa ko pdaoM kao idKaeM̂ |

sT\$vaa[T ka iksaI pH pr AvaxaopNa tBaI haogaa jaba ]saka Aayainak gauNanafla (I.P. , tInaaoM AayanaaoM kI saaMd̀ta ka gauNanafla)
]sako ivalayaota gauNanafla (Ksp struvite = 5.0 x 10-12) sao AiQak haota hO |

I. P. = [Mg2+][NH4
+][PO4

3]
5.7 maainae ik ek dUiYat panaI maoM pH = 7.0 pr 2 mM kula GaulaI hu[- Mg2+ hO, 30 mM kula GaulaI hu[- NH3 hO AaOr

3 mM kula Gaulao hue faŝfoT hOM |
(i) pH = 7.0 AaOr pH = 11.0 pr I.P. ka maana inakalaoM | [sa problem maoM dI hu[- saamyaavasqaaAaoM kao CaoDkr
iksaI Anya saamyaavasqaa kao na maanaoM AaOr saBaI gaNanaaAaoM ko ilae tapmaana kao samaana maanaoM |
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(ii) 5.7 (i). ko ]%tr ko AaQaar pr inamna ga`af pr pH = 7.0 AaOr pH = 11.0 pr log(I.P.) ko maanaaoM kao
AMikt kro | pH = 8.5 AaOr 9.5 pr ibanduAaoM kao phlao sao hI idKayaa gayaa hO | [na caaraoM ibanduAaoM ko AaQaar pr
log(I.P.) kI pH pr inaBa-rta vaalaa roKaica~a banaaeM̂ | [sasao pH ko maana kI saImaa inakalaoM ijasamaoM saamyaavasqaa maoM
sT\$vaa[T ka AvaxaopNa haogaa | saBaI gaNanaaAaoM ko ilae tapmaana samaana maanaoM |

pH Range:

-14

-13

-12

-11
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5.8 sT\$vaa[T ko ivalayana kI ek ivaSaoYata hO yah inamna tapmaana pr }YmaSaaoYaI haota hO AaOr ek tapmaana ko }pr }YmaaxaopI
haota hO | [na maoM sao kaOna saa ga`af sT\$vaa[T ko [sa gauNa kao dSaa-ta hO | (sahI baâ@sa mao X ka inaSaana lagaaeM̂)

kuC doSaaoM maoM saIvaoja ]pcaar saMyaM~aaoM maoM sT\$vaa[T ka inayaMi~at AvaxaopNa bahumaUlya fâsfaorsa kao ]va-rk ko $p maoM [stomaala
ko ilae ikyaa jaa rha hO | [sa p`ikỳaa maoM, saIvaoja (ijasaka pH~ 7.0 ko krIba hO) kao TMkI (Reservoir) maoM raok ilayaa
jaata hO ijasamaoM sT\$vaa[T AvaxaopNa kI pirisqaityaâM pOda kI jaatI hO | sT\$vaa[T AvaxaopNa ko baad baahr inaklanao vaalao panaI
maoM fâsfârsa kI maa~aa GaT jaatI hO AaOr pa[paoM ko jaama haonao kI saMBaavanaa BaI |

5.9 saIvaoja TâMkI maoM pirisqait badlanao ko caar saMBava trIko idyao hOM | hr ek ka sT\$vaa[T AvaxaopNa pr p`Baava bataeM̂ (baâ@sa maoM
hr pirisqait ko ilae laagaU vaa@ya saM#yaa i-iv ilaKoM)
(i) kao[ p`Baava nahIM (ii) AvaxaopNa baZogaa
(iii) AvaxaopNa GaTogaa (iv) AaOr AiQak jaanakarI caaihe

Pairisqait p`Baava
(A) Kinaja Amla ka imalanaa

(ba) AaOr panaI ka imalanaa

(k) kaba-na Da[-Aâ@saa[-D kao gaujaarnaa

(D) sT\$vaa[T AvaxaopNa ka kuC ihssaa inakalanaa

So
lu

bi
lit

y

d)

pK
sp

pK
sp

a) b)

c)

T 1/T

K
sp

T 1/T



1

H
hydrogen

1.008

[1.0078, 1.0082]

1 18 

3

Li
lithium

6.94

[6.938, 6.997]

4

Be
beryllium

9.0122

11

Na
sodium

22.990

12

Mg
magnesium

24.305

[24.304, 24.307]

19

K
potassium

39.098

20

Ca
calcium

40.078(4)

37

Rb
rubidium

85.468

38

Sr
strontium

87.62

38

Sr
strontium

87.62

55

Cs
caesium

132.91

55

Cs
caesium

132.91

56

Ba
barium

137.33

87

Fr
francium

88

Ra
radium

5

B
boron

10.81

[10.806, 10.821]

13

Al
aluminium

26.982

31

Ga
gallium

69.723

49

In
indium

114.82

81

Tl
thallium

204.38

[204.38, 204.39]

6

C
carbon

12.011

[12.009, 12.012]

14

Si
silicon
 28.085

[28.084, 28.086]

32

Ge
germanium

72.630(8)

50

Sn
tin

118.71

82

Pb
lead

207.2

7

N
nitrogen

14.007

[14.006, 14.008]

15

P
phosphorus

 

30.974

33

As
arsenic

74.922

51

Sb
antimony

121.76

83

Bi
bismuth

     

208.98

8

O
oxygen

15.999

[15.999, 16.000]

16

S
sulfur

32.06

[32.059, 32.076]

34

Se
selenium

78.971(8)

52

Te
tellurium

127.60(3)

84

Po
polonium

9

F
fluorine

18.998

17

Cl
chlorine

35.45 

[35.446, 35.457]

35

Br
bromine

79.904

[79.901, 79.907]

53

I
iodine

126.90

85

At
astatine

10

Ne
neon

20.180

2

He
helium

4.0026

18

Ar
argon
39.95 

[39.792, 39.963]

36

Kr
krypton

83.798(2)

54

Xe
xenon

131.29

86

Rn
radon

22

Ti
titanium

47.867

22

Ti
titanium

47.867

40

Zr
zirconium

91.224(2)

72

Hf
hafnium

178.49(2)

104

Rf
rutherfordium

  

23

V
vanadium

50.942

41

Nb
niobium

92.906

73

Ta
tantalum

180.95

105

Db
dubnium

24

Cr
chromium

51.996

24

Cr
chromium

51.996

42

Mo
molybdenum

95.95

74

W
tungsten

183.84

106

Sg
seaborgium

25

Mn
manganese

54.938

43

Tc
technetium

75

Re
rhenium

186.21

107

Bh
bohrium

26

Fe
iron

55.845(2)

44

Ru
ruthenium

101.07(2)

76

Os
osmium

190.23(3)

108

Hs
hassium

27

Co
cobalt

58.933

45

Rh
rhodium

102.91

77

Ir
iridium

192.22

109

Mt
meitnerium

28

Ni
nickel

58.693

46

Pd
palladium

106.42

78

Pt
platinum

195.08

110

Ds
darmstadtium

29

Cu
copper

63.546(3)

47

Ag
silver

107.87

79

Au
gold

196.97

30

Zn
zinc

65.38(2)

48

Cd
cadmium

112.41

80

Hg
mercury

200.59

111

Rg
roentgenium

112

Cn
copernicium

114

Fl
flerovium

113

Nh
nihonium

115

Mc
moscovium

117

Ts
tennessine

118

Og
oganesson

116

Lv
livermorium

57

La
lanthanum

138.91

58

Ce
cerium

140.12

59

Pr
praseodymium

140.91

60

Nd
neodymium

144.24

61

Pm
promethium

62

Sm
samarium

150.36(2)

63

Eu
europium

151.96

64

Gd
gadolinium

157.25(3)

65

Tb
terbium

158.93

66

Dy
dysprosium

162.50

67

Ho
holmium

164.93

68

Er
erbium

167.26

69

Tm
thulium

168.93

70

Yb
ytterbium

173.05

71

Lu
lutetium

174.97

89

Ac
actinium

90

Th
thorium

232.04

91

Pa
protactinium

231.04

92

U
uranium

238.03

93

Np
neptunium

94

Pu
plutonium

95

Am
americium

96

Cm
curium

97

Bk
berkelium

98

Cf
californium

99

Es
einsteinium

100

Fm
fermium

101

Md
mendelevium

102

No
nobelium

103

Lr
lawrencium

21

Sc
scandium

44.956

39

Y
yttrium

88.906

57-71 
 

lanthanoids 

89-103 
 

actinoids 

atomic number

Symbol
name

conventional atomic weight

standard atomic weight

2 13 14 15 16 17 Key: 

3 4 5 6 7 8 9 10 11 12 
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