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SECTION 1 (Maximum Marks : 18)
This section contains SIX (06) questions.
Each question has FOUR options. ONLY ONE of these four options is the correct answer.
For each question, choose the option corresponding to the correct answer.
Answer to each question will be evaluated according to the following marking scheme:
Full marks : +3 If ONLY the correct option is chosen;
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : =1 In all other cases.

I -1 (31f¥®an 3iw: 18)

39 9 H B (06) U3 NS B |

I% U9 & IR fdded g | 39 R fddhedi § 9 $9d Ud &) d8l SR 2 |

TS Y3 B Iy, WEl SR & Agwy [dbey v |

TS U & SR Bl i FHfaRad oid vl & srgar fan S |

ol i : +3 $ad W8l f[Abed g1 ST § |

I 3B : 0 e 3IS f[APed & =1 ST 8 | (AT e BT IR T2 QA1 8)
FOTHD 3H : —1 ey 9t Rerfaai 7 |

Ans.

If the distribution of molecular speeds of a gas is as per the figure shown below, then the ratio of
the most probable, the average, and the root mean square speeds, respectively, is

Fraction of
molecules

speed
Ife g 149 &1 A1fveaes 71 &1 faaror freifdd RErgar 2, 1 siftiean wide 9w, siiad 991 dor 93 J1ed Jel 419 &
3UTd, HHI: &:

B
&
%
g
5

'rl'% 7z
A)1:1:1 (B)1:1:1.224
(C)1:1.128:1.224 (D)1:1.128:1
B
By observing the graph we get
u_ru :u = 1:1:1.224

mps avg rms
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Which of the following liberates O, upon hydrolysis?

71§ & BIF SeferqEed 81 W O, ad bRl &7

(A) Pb,O, (B) KO, (C) Na,0, (D) Li,O,
B

Superoxides liberate oxygen with water

2KO,+H,0 ____y 2KOH + H,0, + O,

A colorless aqueous solution contains nitrates of two metals, X and Y. When it was added to an
aqueous solution of NaCl, a white precipitate was formed. This precipitate was found to be partly
soluble in hot water to give a residue P and a solution Q. The residue P was soluble in ag. NH, and
also in excess sodium thiosulfate. The hot solution Q gave a yellow precipitate with KI. The metals
X and Y, respectively, are

(A) Ag and Pb (B) Ag and Cd (C) Cd and Pb (D) Cd and Zn

T WE STeid fdeas 3 &1 argai, X 921 Y & gec 8d 8 | 5 39 NaCl & U Sielid fager # et i g,
Al U 39 3[9eTY 99T B | TS 3[d&T U Y P d21 U%h fdeid Q 39 & forg 1 a1 # 21if¥e w9 9 faery urn
T B | 37 P STelia NH, do1 |ifSad aRiebe & sfae § ) gemie & | KI & e 1 e Q T Gial srder
AT B | X A Y U, HH: B

(A) Ag @I Pb (B) Ag @21 Cd (C) Cd @ Pb (D) Cd @2r Zn

A

(1) AgNO, + Pb(NO,), __MNeCl_ AgCl  + PbCI,

solution white ppt white ppt

partially soluble
in hot water

(2) AgCl +NH, 3 [Ag(NH,),]1 Cl
(residue-p) (soluble complex)

(3) AgCl + 2Na,S,0, 5 Na,[Ag(S,0,)]
(residue-p) (excess) (soluble complex)

(4) PbCl, + 2KI _____y PbI,

(hot solution-Q) (yellow ppt)
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4, Newman projections P, Q, R and S are shown below :
OH
H, CH,
CH, CH, CH,
HO [ CH, N CZHS: ! :H C,H; CH(CH,),
C,H CH H
H.C CH, " H CH. HO CH, ~ " H OH
CH,
P R S
Q

Which one of the following options represents identical molecules ?
(A) Pand Q (B)Qand S (C)QandR (D)Rand s
=IH veraer P, Q, R d21 S &1 =IgaR Swiian 131 2—

OH
H,C_| cH,
CH, CH, CH,
HO [ CH, H C,H; ! H C,H, CH(CH,),
C.H H CH H H
HC oy, ~ ¥ C.H, O ch, OH
CH,
P R S
Q
1 3 1 B g ey @\ oY) yefRid eRar 87
(A) P @ Q (B) Q@ S (C) Q@R (D) R@2N S
Ans. C
CH,
HQO CH, CH, OH
5 4 3 2 1
CH3—CH2—(|: — (|:—CH3
() CH, CH,
H.C C.Hs .
CH, 2,3,3-trimethyl Pentan-2-ol
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OH
H,C | CH;
3 4 5
C,H,—CH—CH,—CH,
H H 2l
CH3—(|:—OH
(Q) 1CH3
H CH, CH, 3-Ethyl-2-methyl Pentan-2-ol
CH
CZH5 3 H (in3
1 2 3 4 5
CH3—C|: — (IZH—CHZ—CH3
(R) OH CH,
HO C,H. CH, 3-Ethyl-2-methyl Pentan-2-ol
CH
C,H, * CH(CH,), C,H,
5 4 |3 2 1
CH,—CH,— C — CH—CH,
(S) |
H H OH CH,
OH 3-Ethyl-2-methyl Pentan-3-ol
5. Which one of the following structures has the IPUAC name
3-ethynyl-2-hydroxy-4-methylhex-3-en-5-ynoic acid ?
%=1 9 9§ IPUAC 9
3- GiTe -2-gTgsiadl -4- Hidea™-3-39-5-31g-1gd 37l dlell AXAT DIl 8?2
N
OH N | OH OH
D
O,H HO.C X O,H N O,H
GV ©® O | = o |l ’
ZN OH ZN Z
Ans. D
OH
S AL
A | CO,H
4
Z°
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6. The Fischer projection of D-erythrose is shown below :
CHO

H——OH
H——OH

CH,OH
D-Erythrose

D-Erythrose and its isomers are listed as P, Q, R, and S in Column-I. Choose the correct relationship
of P, Q, R, and S with D-erythrose from Column II.
Column-1I Column -II

OHC HO
>_£ 1. Diastereomer

2. Identical

Q HO}_(

OHC H OH

. H . i
R OH 3. Enantiomer

OH

OHC OH

S. Ho““‘”}_@"'
H

H
D-gieT &1 fheR gergor e goriar 7 8 |

CHO

H—1—OH
H——OH

CH,OH
D-s0T
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T -1 H D- 30T TAT 396 FHEaIA P, Q, RAM S & wY H 3ifbd g | ™ [I W D-sqeN arl P, Q, RAAM S &

JE T BT T BT |

™ -1
OHC HO1§§ H

W7 :
P. |ﬂ>*_ﬁ<i_OH

OH

OHC OH
Q.HO%?__éé:
h OH
OHC H LOH

. H
R OH

OH
OHC OH
s. Hdﬁf__éggg
4 H

(A)P—>2,Q—>3,R> 2,52
C)P-2,Q-1,R>1,5-3
C

OHC_ HO. ,H H ho H
X AN H——OH
P H* H———OH
4 OH OHC OH

OHC OH
Q 4 OH

OHC H LOH

g
OH

OH
OHC OH
s. Hosf__éggg
4 H

—
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w™ - I1
1. SERIRAHAR
2. 9H%Y9

3. gfafdasd) (g fRrrR)

B)YP—>3,QQ>1,R>1,5>52
D)P>2,Q-»3,R>3,5>1

CHO

CH,—OH

CHO
H—+—OH

— HO—1—H
CH,—OH
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SECTION 2 (Maximum Marks : 24)
This section contains SIX (06) questions.
Each question has FOUR options. ONE OR MORE THAN ONE of these four options(s) is (are)
correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).
Answer to each questlon will be evaluated according to the following marking scheme :

Full marks :+4 If only (all) the correct option(s) is (are) chosen;

Partial Marks : +3 If all the four options are correct but ONLY three options are chosen;

Partial Marks :+2 Ifthree or more options are correct but ONLY two options are chosen,
both of which are correct;

Partial Marks :+1 If two or more options are correct but ONLY one option is chosen and
it is a correct option;

Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : =2 In all other cases.

YT -2 (31fAPpad 3id : 24)
39 9 H B (06) U3 NS B |
UAP U9 & IR fAddbed | 39 IR fAdeti § 9 Ud a1 U 9 1 fAdhed I8 SR & (&) |
TS Y & oIy, @l el STRI & ATwRY fddbed gy |
ISP U & IR BT Jodidh R 3id dgfa & R fhan Sre |

i 3fd : +4 I Baat (@) fawen g7 9 2, @) |

SINGECEY : +3 Il @it IRl fReea 98 2, A daa 9 e g7 o1d 2 |

SINEECEY :+2 I A9 A1 1P fadben El B dIfd dad a1 fddwen g+ &I 8, i1 fb S1F1 &
BE

3T 37 D +1 e Q1 A1 1S fadbed WE B, Ifh dadl U fddbed g1 STl 8 oM I8 Y HEl
fawea 2 |

I 3D : 0 IS 3IS fadwey I8 1 ST © (ST U &1 SR 8 {1 8) |

FUTHD 3 : =2 3 w4 Rerfoai # |

In thermodynamics, the P-V work done is given by w = —f dvP,,

) . RT a
For a system undergoing a particular process, the work done is, W = *f dv V_b

This equation is applicable to a

(A) system that satisfies the van der Waals equation of state.
(B) process that is reversible and isothermal.

(C) process that is reversible and adiabatic.

(D) process that is irreversible and at constant pressure.
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SR ¥, fpan o P-V e g R mn g wo= - [dVP,,

. RT a
Wﬁ@mq@o—mﬁgmﬁmﬁaazﬁm,ﬁmwm%,w=de[ﬁW]
g FHHRY 1 | ¥ fhaas fof Sugea 8—

(A) U& T3 SII AARAT B VSR Te’d FHIDRUT Bl FE B © |
(B) U® ufthar ST SchHoly T2 HHATIY ¥ |
(C) To ufhar S Schyaviig del BgI™ 8 |
(D) T& ufssan i argepHeii qem Rer g9 W 2
Ans. A,B,C
w=—[P,dv
lﬂi
Pext. = V—-b V2 = Faas
U
process is reversible
_ Rt __a. i
Pes= V_b Vel Van der waals equation of state.
Hence Ans. A,B,C
8. With respect to the compounds I-V, choose the correct statement(s).
Cl
H
H
O O/ H-CH, H——=——-H
I II ITI v \

(A) The acidity of compound I is due to delocalization in the conjugate base.
(B) The conjugate base of compound 1V is aromatic.

(C) Compound II becomes more acidic, when it has a -NO, substituent.

(D) The acidity of compounds follows the orderI > IV >V > II > III.
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AfE 1-V & 18T, & HAF BT FI9 DifoTd—

SUe
H
H
O O/ H_CHa
I II III v

(A) Aifire I o) rtiadt §gT0 &R H fawe & SR el 2

(B) A1 IV &1 S &R Wife s 2 |

(C) iffrep 11 37f8rep 3rveliar 81 STl &, 59 I8 Teb —NO, UferRemdl 39l & |
(D) Aifrepi ®1 srtiaal g9 HAGAR 8 [ > IV > V > 11 > 111,

A,B,C
C;O
(A) ©/ \© is a conjugate base of compound I. Which is stable by delocalisation or

resonance.

S]
(B) @ is a conjugate base of @, which is aromatic compound.

(C) -NO, group is strong electron withdrawing group which increases acidic strength of compound
H-CH,.
(D) The order of acidic strength

@ > HC=CH) i © > CH,
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In the reaction scheme shown below, Q, R and S are the major products.
(¢}
H.C 0 i
3 CH, H.C (i) CH,MgBr
3 CH, . .
H,C 0 (i) Zn-Hg/HCl (i) H,0*
Cd Cd R Cd
AlCI, (i) H,PO, (iii) H,50./ A
P
The correct structure of
H.C_ CH,
H.C
H.C 3 CH,
(B)Qis
HO,C 0

H,C_ CH

N

3

(C)Ris (D)Sis
0

feafaRaa sifafean uspw 3, Q, R den S g 1< B |

0
H,C_ CH, 0 (i) CH.MgBr
.G, CH
H,C ’ 0 (i) Zn-Hg/HCl (i) H,0"
AICI, (ii) H,PO, (iii) H,S0,/ A

P
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H,C_ CH,
H,C H.Cy cH,
(B) Q@I &
HO,C 0

(C)R®I &

Ans. B,D

Q)

CH CH, CH,
Zn-Hg o
HCI
0
CMe,

CH: e, o
’ JHo e
H*/A HO
. H3C
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Choose the correct statement(s) among the following:

(A) [FeCl,] has tetrahedral geometry.

(B) [Co(en)(NH,),Cl,]* has 2 geometrical isomers.

(C) [FeCl,]~ has higher spin-only magnetic moment than [Co(en)(NH,),Cl,]".
(D) The cobaltion in [Co(en)(NH,),Cl,]* has sp3d? hybridization.

91 9 9 98 BUF BT I DT

(A) [FeCl,]- ageparad SATAfT @l 8

(B) [Co(en)(NH,),Cl, ]+ 2 a1 Jeread) k@ &

(C) [FeCl,]-, [Co(en)(NH,),CL,1* &I & SeIcH TAhU—dhac b A0 R &
(D) [Co(en)(NH,),Cl,1*# raTee 3 sp3d2 Heh=ol G 2 |

A,C

(A() [FeCl,]- Cl-is weak field ligand

4s 4p
e - mjann

sp3 - hybridization

n=4,ny= 24
(C) [CO (en) (NH,), CL1*
CO** = (3d®), (A, > P)
tzgseg, nN=0,u=0
hybridization — d?sp3
With respect to hypochlorite, chlorate and perchlorate ions, choose the correct statement(s).
(A) The hypochlorite ion is the strongest conjugate base.
(B) The molecular shape of only chlorate ion is influenced by the lone pair of electrons of Cl.
(C) The hypochlorite and chlorate ions disproportionate to give rise to identical set of ions.
(D) The hypochlorite ion oxidizes the sulfite ion.
ERUITARIZE, FANT TAT WRFANRT & ATUE, Hal HAUF B FI= HIfT—
(A) BSUIFARTSE AR YdeTad Tl &R 2 |
(B) »dd FANE AT B 3MM0ah b Cl & ThTdh] getde = T §RI YT 2 |
(C) TUIFARISE T FARET 37T, M & FAM Fal & (AT & oy fawsrguras & 2|

(D) TEAFARISS I ASHIZT 3T BT ATRIBROT HRaT 2 |
A,B,D

Acidic nature - HCIO < HCIO, < HCIO,

Basic nature — CIO- > CIO,” > CIO,

VR
(8) OC'_O S (”)\O

sp3 (Linear) Sp3 (pyramidal)
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(+1) -1) (+5)

(
(© 30cr —™— 2ci- * Clo;

¢s) absence of catalyst 1)
4CIO; Lower temp. 3Clo; + cr

(D)CIO"+S0,” ____,ClI"+S0,>

The cubic unit cell structure of a compound containing cation M and anion X is shown below. When
compared to the anion, the cation has smaller ionic radius. Choose the correct statement(s).

TR Ua Aifle &) G- 3H18 PISHT 8919 M T RO X IR 8 | RO 61 ol 4 &9 BIET ARIfw
Froar waan & |
TE HAUF BT T BT | )

podl
3

'
i
T
H '
' i
' aghand]
% H B
, #
- -i--1-
B
- -
- L

OV Ox

(A) The empirical formula of the compound is MX.
(B) The cation M and anion X have different coordination geometries.
(C) The ratio of M-X bond length to the cubic unit cell edge length is 0.866.
(D) The ratio of the ionic radii of cation M to anion X is 0.414.
(A) Aifire &1 Fargurh g3 MX 2 |
(B) &\TI_ M @211 F 0 X i1 Sueadeid Al I8 2 |
(C) M-X T o=IT8 AT T §ehTg DINSHI PR TFTg Bl Ui 0.866 ¢ |
(D) g1 M T2t o X @1 A FAroam &1 Ui 0.414 2 |
A,C
According to given diagram, structure seems to be B.C.C.
(1) empirical formula —» MX
(2) C. No. of 'M'ion = 8 [same co-ordination Geometry]
C. No. of 'X'ion =8 [same co-ordination Geometry]

2

2
a a
3)  M-XBondlength = ,>| +|
M-X Bond Length = a\/m
gth = 4 2
M - X bondlength _ﬁ =0.866

a(edgelength) — 2
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(4) AsitisB.C.C.
X M* 2

L
0.732< M <1
r,.

X

Ans. A,C

SECTION 3 (Maximum Marks : 24)
This section contains SIX (06) questions. The answer to each question isa NUMERICAL VALUE.
For each question, enter the correct numerical value of the answer using the mouse and the on-
screen virtual numeric keypad in the place designated to enter the answer. If the numerical value
has more than two decimal places, truncate/round -off the value to TWO decimal places.
Answer to each question will be evaluated according to the following marking scheme :
Full marks : +4 If ONLY the correct numerical value is entered;
Zero Marks : 0 In all other cases.

I -3 (3fA®aH 37 : 24)

39 W ¥ B: (06) UeH A B | TS Y $T SR AC&ITHB A 7 |
JAE U39 & foly, IR Ul & @ forg Afde o ©R A6 iR ifF—wne il (@gsrd) Aecdid dius &
SURT BB SR BT Fel AEITHAS AF &0l B | Al s A H a1 9 1fd q9Hed XU 7, I & Seld
R & 719 Bl Biel/Adedd o |
ISP U & SR BT Jedidhd FHfRad gl & R fdan Sme |
ol 3 D +4 IR Had FE T=ITHS J19 gfdwe fhar ™ B
I 3D : 0 3= | Rerfari # |

13.

5.00 mL of 0.10 M oxalic acid solution taken in a conical flask is titrated against NaOH from a
burette using phenolphthalein indicator. The volume of NaOH required for the appearance of permanent
faint pink color is tabulated below for five experiments. What is the concentration, in molarity, of
the NaOH solution?

Exp. No. | Vol. of NaOH (mL)
12.5
10.5
9.0
9.0
9.0

N[(R[W[IN|=
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0.10 M 3ifafora a1t fdera &1 5.00 mL U@ a@dR (conical) el H odx fheiieliiele gad &l SRIRT Hd
§Y U ¥e §R1 NaOH @& faweg SrgAIfia b S @ | il el 0 &1 Suferfa o forg smaeas NaOH @1 iR
ufg garl & fog A 9Rvileg g | NaOH faeras &) |rsar, Aielkdr 4 &1 8 ?

TRNT G NaOH &1 31 (mL)
1 12.5
2 10.5
3 9.0
4 9.0
5 9.0
0.11
H,C,0, + 2NaOH — Na,C,0, + 2H,0
5ml M
0.1 M
[H,C,0,]x vol.x 2
M= [NaOH] = vol.of NaOH
5x0.1x2 1
NaOH], = =17 5 ~ 125
5x0.1x2 1
(NaOHl, = =155 105
5x0.1x2 1
[NaOH], = 25~ = 5 = [NaOH, = [NaOH],
1,1 13
[NaOH] Final Result = 12.5 10.5 9
5
2,21
_ 25 21 3
B 5

_ 0.08+0.095+0.333
5

=0.102 ~ 0.11 Ans.
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14. Consider the reaction A = B at 1000 K. At time 't'. the temperature of the system was increased
to 2000 K and the system was allowed to reach equilibrium. Throughout this experiment the partial
pressure of A was maintained at 1 bar. Given below is the plot of the partial pressure of B with time.
What is the ratio of the standard Gibbs energy of the reaction at 1000 K to that at 2000 K?

4
115
100

Ul
=)
I

Partial Pressure of B (bar)

=
o

t' time

1000 K W fifdhar A = B W R SISRI | 999 't' &R, T3 &1 duwre 2000 K T 98 STl & 01 95 31 A T
Uga 3T ST 8 59 YA @ QIR A BT A1RI1P S16 1 IR G919 T AT AT | A1 F9I S H1 B & ATRMb I B
g fagm 11 21 1000 K @2 2000 K W iffhan &) Ae fied i &1 igurd a1 8 2

A
115
100

B &1 3nf3r® q(bar)
ul
o
|

10
t' RSl
Ans. 0.25
Keq.ZOOOK =100
Keq.lOOOK =10
AG,;,, = —2000 R In (100) = - 4000 R (In 10)
AG,;, = = 1000R In (10) = - 1000 R (In 10)

AGyp0 _ 4 N AG;00 _ 1 —0.25
ANC AGyyy 4

Ans. = 0.25

15. Consider a 70% efficient hydrogen-oxygen fuel cell working under standard conditions at 1 bar and
295 K. Its cell reaction is
H,(g) + O,(g) — H,0(l).
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The work derived from the cell on the consumption of 1.0 x 10-* mol of H,(g) is used to compress
1.00 mol of a monoatomic ideal gas in a thermally insulated container. What is the change in the
temperature (in K) of the ideal gas?
The standard reduction potentials for the two half-cells are given below.

0,(g) + 4H* (aq) + 4e- —» 2H,0(l), E® = 1.23 YV,

2H* (aq) + 2e- — H,(g), E® = 0.00VW.
Use F =96500 C mol-!, R = 8.314 J mol-t K-,
1 bar T2 298 K 1R HIFd 3faRell § HRIRA T 70% &l BISgloi-—3idh¥iior 84 Hel R [daR IR | 39 9 @l
rfafehar g—

H,(g) + O,(g) — H,0(l).
1.0 x 1073 mol H,(g) & wud WR Ael §RT Gea~ BRI I Ueb 19 Aferd ar=1 4 1.00 Mol UheTuRATe 3meel 14
@ FUreT # YA fhar S 2 |
et 19 & aEE | aRad= (K #) Far g ?

0,(g) + 4H* (aq) + 4e- —» 2H,0(l), E® = 1.23 YV,

2H* (aq) + 2e- — H,(g), E® = 0.00VW.
Use F =96500 C mol-!, R = 8.314 J mol-t K-,
13.32

E’, = 1.23volt

AG® = {~2x96500x1.23}
Energy used = [2 x96500x1.23x70% x 1073

= 1><§><8.314><(AT)

_ 4x96500x1.23x70x10°°
B 100x3x8.314
=13.32

AT

Aluminium reacts with sulfuric acid to form aluminium sulfate and hydrogen. What is the volume of
hydrogen gas in liters (L) produced at 300 K and 1.0 atm pressure, when 5.4 g of aluminium and
50.0 mL of 5.0 M sulfuric acid are combined for the reaction?

(Use molar mass of aluminium as 27.0 g mol*, R = 0.082 atm L mol-* K-!)

TR, FehgR® e & A1 fha1 e Yoy Fehe a sigslor &I A0 dal 2 300 K d2m 1.0 atm
T R ITH ESgIo 19 B 3Ia ofiex 9 (L) &1 8, 519 5.4 g UIfA™ den 5.0 M eIk 37 &1 50.0
mL aifafshan & forg wafsa e 8 2

(VfAfR—M &1 Aok S| 27.0 g mol-! ST SIS R = 0.082 atm L mol-t K1)

6.15 Liter

2Al + 3H,SO, — AI(S0,); + 3H,
50x5
= 0.25mol
0.2 mol 1000 mo
(L.R.)
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Volume = %x 0.082x 300
_ 246
-4
= 6.15 Litre.

> Uis known to undergo radioactive decay to form *%Pb by emitting alpha and beta particles. A

rock initially contained 68 x 10-¢g of *33U . If the number of alpha particles that it would emit during
its radioactive decay of 35U to *%Pb in three half-lives is Z x 108, then what is the value of Z?
eI T dIeT HUl & e gRT 255 Pb & fmior & forg 235U feaendt e § JoiRdl B | T I€e (rock) IRA™1dH

w9 ¥ 68 x 106g 35U gad Brchl © | I srg—smgwiail # “55 U 25 Pb & YfSaliendt e SR Scafvla srewt won

P Z X 10188, ST ZH AT R—T & ?
1.21

., U2 >, Pb** + 8,He* + 6, p° (antineutrino)

—6
68x1071 7 8x6.023x10%
238 |8
_ 68x7x6.023x 1077

238
=1.2046 x 10'® =1.21

In the following reaction, compound Q is obtained from compound P via an ionic intermediate.

COZCH3
CH; oMt
. HS
M)Q (a colored compound)
CeH,
P

What is the degree of unsaturation of Q ?
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o1 arfifhan &, T e Aread & Afe P g1 Aife Q urd favan i B |
CO,CH,
CeH: CeHs
conc. H,SO, Q (Q‘cﬁ ant i) )
CeH,
P

Q B AT P A T 8 ?

Ans. 18

Ph Ph ‘

o
conc. H,SO, O
_—>

Q)

Ph

Total degree of unsaturation = 18
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