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2. Integration  Jalsil

- determines the number of equivalent H for a signal
- determined through the area under the signal

- given through a step trace (need a ruler!)

55.5:22:325
25:1:15

5:2:3= for a total of 10 1H!
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e e e e T T e e e o P A [ Yo o o PR [ I fem e Pl
80 70 50 50 PP 4.0 30 20

;A Jla

J\L ) . A
4.58 1.92 2.80
L LT Lo
7.0 6 6.0 5 5.0 45 4.0 3 3.0 5 0 1.5
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Some Common Spin Multiplicities

Number of equivalent

adjacent protons Multiplet Ratio of intensities
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1 Doublet il
2 Triplet 1:2:4
3 Quartet gl
4 Quintet 1:4:6:4:1
6 Septet 1:6:15:20:15:6:1
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The circulating m electrons

/ create a ring current.

H , H«_ Theinduced magnetic field reinforces the
U external field B. in the vicinity of the protons.

’x

B - ol The protons are deshielded.

. L The absorption is downfield at 6.5-8 ppm.
induced magnetic field

external field B, in the vicinity of the protons.

l

B, e ig\/ - The protons are deshielded.
The absorption is downfield at 4.5-6 ppm.

‘ < Theinduced magnetic field reinforces the

The induced magnetic field opposes the
external field B in the vicinity of the proton.

The proton is shielded.
The absorption is upfield at ~2.5 ppm.

B. Eind uced Bind uced
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Coupling Constants

Coupling constants J vary widely in size, but the vicinal couplings in acyclic molecules that we are mostly gaing to

be interested in are usually 7 Hz. The leading superscript (°J) indicates the number of bonds between the coupled
nuclei.

H C,H ’ B
2= =0
E ) J=2-15 Hz | ) J=2:20 Hz ¢ 4J=0-3 Hz
\H Typical: -12 Hz C\H Typical: 7 Hz e
geminal vicinal long-range

One situation where the size of J provides important information is in the vicinal coupling across double bonds,
where trans couplings are always substantially larger than cis couplings.

H

H H
/ﬁ/ i
H
J =14-18Hz J =8-12Hz

There are also a few situations where coupling across 4 bonds are observed in NMR spectra. This is rarely seen
across single bonds, but small couplings (typically 1-3 Hz) are seen when there are intervening double or triple

bonds.
H H s H H
\©/ Hoo~oH H—=—/ >::<

Meta Allylic Propargylic Allenic
“J=2to3Hz *J=0to3 Hz 4J=2t0o4 Hz 4J=61t07Hz
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Figure 11 Tree diagrams for the complex coupling seen for the alkenyl H atoms in the
'H-NMR spectrum of ethyl propenoate. All three alkenyl H atoms are non-equivalent
and couple with each other. Notice that the frans coupling constant, J,, is the largest,
followed by the cis coupling constant, J,.. The geminal coupling constant, [, is so small
that it can only be seen by close inspection of the signals for H, and H_.
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the vinyl group and the oxirane ring H atoms of 1-methy-1-vinyloxirane.
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CH; 1 T T
D
B o
D 1.0 3 Triplet 2 -CH,-CH3
Question 7
C4HgOs DofU=1
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A L5 1 Singlet 0 (C=0)OH
&
0}
B 2.4 2 Triplet 2 (0O=C)CH, M
C 1.3 2 Sextet 5 -CH,-CH,- HO
e
D 1.0 3 Triplet 5 eI 2 B 2

o1
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Question 8
C9H12 DofU=4
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
AR 5 Multiplet | - )
H | H B
B 2.6 2 Triplet 2 -CHg-CHz- ¢
R o
e 2 Sextet | 5 | -CHyCHy- | < O/\T/
CHs ;
D 0.9 3 Triplet 2 -CH,-CHj3
Question 9
CgH]oO DofU=4
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
AL S
A 12 5 Multiplet - i /J\H
C
\
B 3.8 2 Triplet 2 R-CH,- oi =D
CH,-R A ( O/\/
}
¢ 2.8 2 Triplet 2 R-CH>- :
CH»-R
D 2.0 1 Singlet 0 -OH
Question 10
C,HgN DofU=0
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 2.8 1 Singlet 0 CH,-R '/A
B 1.3 1 Singlet 0 | NH,-CH,- H‘,_N/\\‘/”“z
g

oV
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Question 11
C7H14O DofU=1
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 2.4 4 Triplet 2 (0=C)-
CHZ”CHQ' ]; 0 B
B I 4 Sextet 5 -CH,-CH;-
CH
Bl o
- C A @
& 0.9 6 Triplet g -CH,-CH;
Question 12
C5H302 DofU=2
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
0
A 4.1 4 Triplet 2 CH,-CH,-
0- B = - B
(0=C)- A—> g - A
B 2.9 4 Triplet 2 CH,-CH,-
Question 13
CgHgClz DofU=0
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 5.9 1 Quartet 3 | CH;-CH-R2 /Cl
CH;——CH
Bl 3 Doublet | 1 |CHs:-CH-R2 ; N

oA
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Question 14

CRH]()O DofU=4
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
\\ H
A 3 5 Multiplet - P
H OH =—C
B 4.8 1 Quartet 3 -CH-CH; S
A }
& 2.7 1 Singlet 0 -OH B
D 1.4 3 Doublet 1 -CH-CHj
Question 15
C4H6C12 DofU=1
Signal | Chem. | Integration | Multiplicity | Adj. H-type - | Structure and Assignment
Shift H
A 5.8 1 Triplet J HC=C- C i&
B 41 2 Doublet 1 -C=C-CH;- CHs\C:C A
& 2.1 3 Singlet 0 C=C-CH; +
B
Question 16
CgHgO DofU=5
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 8.0 2 Multiplet - | A 0
At +
B 75 3 Multiplet - W N
| - C
© 2.6 3 Singlet 0 | (0=0)-CH; | B s

o4
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Question 17
CoHz0; |DofU=6 )
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 11.0 1 Singlet 0 -(C=0)OH
B 7.8 1 Doublet 1 -HC=CH-
G 7.4 2 Multiplet 2 [
g
D 72 3 Multiplet - A,
E 6.4 1 Doublet i -HC=CH-
Question 18
C9H12 DofU=4
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 7.0 4 Multiplet | - ;
B
B o 2 Quartet 3 | -CH,-CH; < @i\ S
A
C 2.2 3 Singlet 0 -CH; -
D 1.2 3 Triplet 2 -CH,-CH3
Question 19
CqH; 20 DofU=4
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
s
A 6.8 4 Multiplet - | 3
H / H C E
H * D +
B | 48 i Singlet | 0 | -OH !
s 2 Triplet R
OH < B
D 1.6 2 Sextet 5 -CH»-CH,»-
CH,
E 1.0 3 Tl’iplﬁt 2 -CH,-CHj;
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Question 20
CgH0O DofU=4
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 7.0 2 Doublet 1 H i
H
B 6.8 2 Doublet 1 = St
H
H iy
& 347 3 Singlet 0 -OCH; + X
D ) 3 Singlet 0 -CH; D :
Question 21
CngO DofU=35
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 99 1 Singlet 0 -(C=0)H
B 0
B e 2 Doublet | 1 i !
: C = H-=—A
£ 7.3 2 Doublet 1
H <3
H * +
D 24 3 Singlet 0 -CH;
D c
Question 22
CoH;1ON DofU=5
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 7.9 7 Doublet 1 i
H
B 6.7 2 Doublet 1 1‘ 0
H
H B = O/T\
¢ 4.4 2 Quartet 3 | -CH,-CH; l
- A Cc
HoN
D 4.1 2 Singlet 0 -NH, ! A
B
E 14 3 Triplet | e

AR
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Question 23
CﬁHI{103 D OfU =2
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 42 2 Quartet 3 e
. 0 o
B 2 Singlet | 0 | R-CH;R Y J\/u\
: /\o
C 213 3 Singlet 0 R;-CH; * T +
D 13 3 Triplet 2 | CH.CH, | D B G
Question 24
C4H9NO DofU=1
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
eS0T
A 4.7 2 Singlet 0 NH, O
A
By 1 Septet | 6 | -CH-(CHa), P v
NH
\B 2
G 1.3 6 Doublet 1 —CH—(CH3)2 ot
Question 25
C4H502 DofU=2
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 11.3 1 Singlet 0 | -(C=0)-OH
B 6.3 1 Quartet 3
H,C=C-R S .
C oL 1 Quartet 3 H OH
D 2.0 3 Triplet 2 -CH; (+: -]

1y
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Question 26
CH140, DofU=1
Signal | Chem. | Integration Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 5.0 1 Septet 6 | -CH-(CHs),
B 22 2 Triplet 2 -CH,-CHS,-
(C-00- | o i
D
C 1.7 2 Sextet 5 -CH,-CH,- + /'\ /U\/\
SRS
A
D | 12 6 Doublet | 1 | -CH-(CHy) Bk
E 0.9 3 Triplet 2 -CH;-CH;
Question 27
C7H14Oz DofU= 1
Signal | Chem. | Integration Multiplicity | Adj. H-type Structure and Assignment
Shift H
A 4.1 2 Singlet 0 -CH,-CH; & 1" "
B 1.3 3 Septet 6 -CH,-CH; i
o N
C [ 9 Doublet | -C~(CH3)s R
Question 28
C;H;sNO DofU=1
Signal | Chem. | Integration Multiplicity | Adj. H-type Structure and Assignment
- Shift H
A 3.3 2 Singlet 0 Ry;N-CH,-
B\ - D
B 25 4 Quartet 3 | -CH,-CH, 0 ( ,l
(8 2.1 3 Singlet 0 | -(C=0)CHj; J\/N\/
D 1.0 6 Triplet 2 -CH,-CHj3 T T T
C A B

Y
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Question 29
@ 14H22 DofU=4
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
H
H A
; AT TR
A 7.3 4 Singlet 0
B 1.3 18 Singlet 0 -C-(CHz); A
Question 30
CioHzo DofU=1
Signal | Chem. | Integration | Multiplicity | Adj. H-type Structure and Assignment
Shift H
B
A | 54 2 Singlet | 0 | -CH=CH- 25
| e W
C=—C
B 1.4 18 Singlet 0 | -C-(CHj); 7< | T
B\

¢
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37. Which of the following CsHs compounds best Fits the proton NMR spectrum shown
below?

(The numbers above the peaks are integration values.)

1.00
CsHg 3.00
1.99
WA 9
B TRk e St v G e R AL S st R
45 4 35 4 2.5 2 15 1 8.5

A) CHCH.CH,-C=C-H  B) CH,CH,-C=C-H

CH,
o O byl

e
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36. Which of the following compounds fits the proton NMR shown below?

3H

4.0 3.0 2.0 1O ppm

H
A) CH3CH,CH,COCH;

o)
I
B) CH;CH,COCH,CH;

0
I
C) CH3COCH,CH,CH;

o)
I
D) CH3CCH,CH,OCH;

1
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C‘ 5tk "o 88 _;«’-20 — b(rcylla_» Cqﬁy_oc(cmaé)‘ lf},:ﬂz-'- \,;}_\U, s\ /o~
38. Which of the following C4H;OCI compounds best fits the proton NMR spéctrum shown
below?

(The numbers above the peaks are integration values.)

411001
1.50
1.00 1.01
A
Ji |
e e e i e e R N oy e
9 8 7 53 5 4 3 2 1
0 2
|
A) CH;C(I_‘HCH;, B) CICH,CCH,CH;
Cl
T .
C) CH;CH,CH,CCl D) CH;CCH,CILCL

v
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Practice Problems

Reich
Chem 345

Problem R-18Q:: CgH,,0,
300 MHz "H NMR Spectrum in CDCl,
Source: Aldrich Spectral Viewer/Reich

20 20 10 0 Z
| 1
.00 1.
s n I
i 0.64
il AR Lo lisisle
3.70 3.65 _J 235 230 225
. ke
g g 1 L T S VO T O A 1 AT e (o T R 1 Ly el g e ] Sy ot s
10 9 8 7 6 5 4 3 2 1 0
ppm
Problem R-18C C;3H,,0
300 MHz "H NMR spectrum in CDCI,
Source: Aldrich Spectra Viewer/Reich I
} |
Lesidiiu bt 1
4 30 20 10 0 M2 || U\
h. —JUVNL__
sy Vi ey ) gy
I | ( /] 250 245 240
b! I N UL
| \ l MMU j l @ |
P 1 W=l e i e
,wf U W/ \ ' 105 1.00 095
e By LM 100 1.00
RPN YIRS AR [PERSTUCR PRI Tt 10 04 L i -
735 7.30 725 7.20 7.16
oy g g e ||
3.70 3.65 3.60 J
by 8 e et o) L "J L—J\
L A L 1 { ENE Ll 1 1 L P il 1 PErE o L I e N S e = O T
10 9 8 7 6 5] 4 3 2 1 0
ppm

1A
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NMR Spectra with no Louping Chem 345
CsHaO4
300 MHz "H NMR Spectrum
Solv: COCl, o (o]
Source: Aldrich Spectra Viewer/Reich M
MeO OMe
Dimethyl malonate
l5.91
f-
200
A
. | . L
T PR L Bl I N AT :
10 9 7 6 5 2 1 0
ppm
C4HgO2
300 MHz "H NMR Spectrum
Solv: CDCly
Source: Aldrich Spectral Viewer/Reich [e] :
)-K/OME
Methoxyacetone
|
18 30
.08
_)_"_M_:JL _‘jL\L i l
] F ] L 1 fro it s rrs Vop il {ono r ol ) ! R L 1
10 9 7 6 5 4 3 2 1 0
ppm
Problem R-18N C,H,Cl;
300 MHz "H NMR spectrum in CDCl,
Source: Aldrich Spectra Viewer/Reich CI/YCI
ClI
1,1,2-Trichloroethane
I/J-JE
1.00 L
0 i T P L 1 Tl b O O )
9.80 575 570 4.00 3.85 3.90
; _A |

T O Tl 1 0l P 0 o [ |

£ o L S I ST

- S e S S TS IR

I T L o S A M Tl L 2

(T WLV g

VUil ol e

"4

1
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Absence of Splitting between Equivalent Protons Reich
Chem 345
Protons that have the same chemical shift do not show spin-spin splitting. Thus the CH, groups of both
1,2-dimethoxy- and 1,2-dibromoethane are singlets, whereas those of Br-CH,CH,-OCH,, where there is significant
chemical shift between the CH, groups, are two triplets
C,H4Br,
300 MHz "H NMR Spectrum in CDCl,
Source: Aldrich Spectral Viewer/Reich = AUABT
1,2-Dibromoethane
A
A o Pl ] I o el [ o I i O i e e el B e i e e e e S el L BT
10 9 8 7 6 5 4 3 2 1 0
ppm
Problem R-18U C;H,BrO
300 MHz "H NMR spectrum in CDCl,
Source: Aldrich Spectra Viewer/Reich
| '] \O/\/Bf
Jl | } i 1-Methoxy-2-bromoethane
l ﬂ l
\s H
il l
_/IU L
Tmlllrnhlw|I||<||rvlilxlu‘tw-w\lwllhllll L1
3.8 3.7 3.6 35 L
=||\||l|)|!||w|:||!r=|zr|1\|~||\snl\lnv\l!\|||Ir|||‘11\|Fy||‘||\rllwwr|1\ll:!ll\r|||1|\||\|||-wvlrs|r||
10 9 8 7 6 5 4 3 2 1 0
C4H1002
300 MHz "H NMR Spectrum
Solv: CDCl,
Source: Aldrich Spectral Viewer/Reich OMe
MeO”

1,2-Dimethoxyethane

b

1 O A i S 0 Lo A o L5t e L U o M A L 110 L et
10 9 8 i 6 5 4 3 2 1 0
ppm

T U T 0 O R O T A v
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Problem R-18F CgH,Br
300 MHz "H NMR spectrum in CDCl,
Source: Aldrich Spectra Viewer/Reich

Br/\/

1-Bromopropane

el 1y
1.9 1.8
l
1.05 1.00
1.49
142
i 1.00 1.03
3.40 3.35
v | N
ufu.y\.vuhm.«uulyHw.u\M\rm-xu\-w,vuy-\l..uw-uy\:um.vn!,..m“.\\uH||..(lu..\m.\\..,
10 9 8 7 6 5 4 3 2 1 0
ppm
Problem R-18E C;H,Br
300 MHz 'H NMR spectrum in CDCl,
Source: Aldrich Spectra Viewer/Reich Br
2-Bromopropane
5.93
A ST B S S A A
m 4.3 4.2 1.75 1.70 1.65
1.00
plesy b v el pese by b | ea et v gy U9 o bt g el pee oo gl paes s o | w.u‘lumu.\\\"m.l\.\.lwv.m..-vlln
10 9 8 g 6 5 4 3 2 i 0
ppm

A
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1,1-Dichloroethane

slaasl) agle and
n e Reich
Simple Coupling Patterns Chars 34
Problem R-18N C,H,Cl;
300 MHz "H NMR spectrum in CDCl,
Source: Aldrich Spectra Viewer/Reich CI/\/C'
cl
1,1,2-Trichloroethane
/2-12
1.00 JL
sl ve e Loy ales sl vy
5.80 5.75 5.70 4,00 3.95 3.80
— |
S PO ST LI Sl i S U el N S R et B [ I S T I i N T T el o e Popry wedl 5 5o g g0 3 g T gy 195 s L
10 9 8 7 6 pofi 5 4 3 2 1 0
Problem R-18H C,H,Cl,
300 MHz "H NMR spectrum in CDCl, cl
Source: Aldrich Spectra Viewer/Reich
Cl

2.86
P -
595 590 5.85 - 210 2.05 200
: E i JL# f
Lied i s Do st g s v et f D e vy ) o s 6 g0 3 s 0wt Dbl s i 1 PRI IS W T TR ST O IR AP UT I S S AT SY Ol O
10 9 8 7 6 g 5 4 3 2 1 0
Problem R-18G C,H;
300 MHz "H NMR spectrum in CDCly
Source: Aldrich Spectra Viewer/Reich
B
Bromoethane
145
H.00
PR N NN
3.5 3.4 1.70 1.65
A _L o | S
vlv“l\\fl\\rll\i|\||\\I\v|\?|rlr[ll\r|\\|I‘vl\\I|1\ll\||\FllE||\|r\|\vr!‘|!\I|\1\xl\l!l\llv\l\(l\l\ln\ll
10 ] 8 7 6 5 4 3 2 1 0

\A
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e
A. C4HQBI'
‘J\L%“
e
1.00 1.98.97 2.97
= =l [
b S Y] R R TR SAD 05 00
[
B C,H,Cl
1.00 6.04
[—1
T prasaasaas aasaaasa-~assasaan P asasaan-asasians PPARARARY
32
o
| '
[ CHz —C—0—CHz :
£ t
i :
& E
2 !
5 .!'
:
. ! TS
6 3 13 2 1  Oppm

—

[}

w
o
-1

Chemical shift (&)
(a)

vy



Salal) A dag) ) s pal) /g pand) paddal) s daals /48 ) a glhall 4 i) 43S
Oz 2aa) dga 2 ahilinal) (g 953l Gl Adaa sbiassl) o gle andd
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0=CH
OCH,
3.77 ppm
Singlet
Integral = 3.17
OCH,
Aromatics:
7.75 and 6.90 ppm
— Doublets
Aldehydic: Integrals = 2.02, 2.01
9.78 ppm
Singlet
Integral = 1.00
A
10 5 ‘ 5

4 jal) dxpall (CgHgO)

C-CH;

V¢
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Ay jall dxall (C7HGNO)
3-Methoxyaniline

Al dnall (CyHG0,)
Methacrylic acid

H CH,
\ /
C=C
N
H COOH
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Methyl benzoate (CgHgO,)

"
C-0-CH,
ethyl acetate
ethyl ethanoate C4H;30O,
u]
)J\D/A“x UU
EXY /‘\ h . N :

P A R Wi
1 a8 2.9

l

illI:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:IIIIIIIII:IIIIIIIII:IIIIIIIII:IIIIIIIII:IIIIII
2.8 2.8 7.8 &8 -8 4.8 3.8 2.8 1.8 4.8

v
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o-Anisaldehyde
CgHgO, 2-methoxybenzaldehyde

methyl 3-bromopropionate
C4H7OzBr

Br [}

T

: B % B %
B B B B B B3 pA .

N 0 T T Y A I T
2.8 2.@ 7.8 .8 5.8 4.8 2.8 2.8 1.8 B.@

vV
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OH

C;HgO, 3-methoxyphenol

OCH,

4 J =\ 1

[N N NN NN |
2.8 2.8 7.8 c.8 5.8 4.8 2.8 2.8 1.8 @.a

[}
)J\ Ce¢H12,0, butyl acetate
R butyl ethanoate

VA
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— a b c

A AR R nm SRR + — : e
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T Adlidal) cligig pll clal ) add g 63 As piia Jglaa

CH,
N=C
CH; CH4-CH,-CH,
CH,
3 CH,)sCCl
CH,-C=N a TCH B( s (CH,),COH
r
CH,CO,Me i CHyCH,oH  (CHaC (CHa)sSn
y (CH,);CBr H e D
CH,CH,l ! O—H ] (CH,CH,),CO | (CHa)s (CH,),Si
o e 1 1 1 P b
1 1 1 1 | 1 | | | | 1 1 1 1 | | 1 { 1 | ]

9 19 18 17 16 15 14 13 12 1.1 1 09 08 07 06 05 04 03 02 01 0

HO H
= :
H " H-C-:-C-%-Ph
CH5-CO,CH, ' 0 | (Me;N);P=0
(CHa)aN
CH;0-Ph 0 (CHO)CH, V4 CHCClL | (CHCHYCO I (CH.),S
T Ph-C-C=C-H | l H™ “CH,
Br-CH,CH,-Br (CHg)N-Ph b5
CF,CH,0H Too (CH3),0 ' Ph-CHx-CH, H-C=C-H |
ICH3CH2‘OH \[ j CH,OH ‘CHSCHzi CHiCl  H.C=C-Ph CHBr| (CHiCHaN | | Ph-CHy  |CMd|CHy "CHy
s e PR ] 1 t T

l 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 ! 1 I | )
4 39 38 37 3 35 34 33 32 31 3 29 28 27 268 25 24 23 22 24 o

H>: SiMe, i i
H H
0 - H H Me;Si H CH;NO,
T HC(OEt)al T OAc e 5 (CHy)oCHCI
H (CH30),CH, N, 1 ) HO H I
! PhcH,cl  MeSiPhe H e S

CICH,CH,CI
212 0

f
Hoo B PhH Hooh
= \—( PhCH,Br o
CHCI,CO,Me @L HsoHes CH,Br LJ\ i L och.c
22 HpPh H CHCl, H H LBl H CH,;F Me-C-OCH,CHy
\ e e w 1 |

1 ] ] ! ] 1 1 i 1 1 | 1 L 1 1 1 1 L ] 1 I
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