[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]

[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[bookmark: _GoBack][image: ]









image6.png
w9~ 0 + 21 questions.docx - Micre
1nif 5 Topic 11 and 21 =
4 cof [Archive_Edicion Ver Ventana_Ayuda *
Pegar ;2” D | BB 2| @ desy | [102% [ - > Herramientas | Rellenary firmar | Comentario
o b TZT
Portapa
e 300 0193
L] 400 0275
N = 5.00 0323
| 600 0376
9 ample 0215

10

m

2

3

14

i5

16

7

26 The activation energy for a reaction can be determined graphically using the Arrhenius equation:

ke AT
Identiy the plotwhich gves a tragh ine graph.

A | TiwhereTisin k) Ink
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D | TwhereTisink) | k
Spectroscopic identification of
organic compounds
Understandings:

The degree of unsaturation or index of hydrogen deficiency (IHD) can be used to determine from
amolecular formula the number of rings or muttple bonds in a molecule

# Mass spectrometry (MS), proton nuclear magnetic resonance spectroscopy ('H NMR), and infrared

spectroscopy () are techniques that can be used to help identify and to determine the structure

of compounds.

% # Buscar +

bCc. AaBbCcD | &, Reemplazar

tiuio ntasssui || Combar (E L
5| Edicion

TR G v

» (S

Pagina: 2de2 | Palabras:0 | 5 |





image7.png
Worked example

Amolecule with an empirical formula CH,0 has the simplified mass spectrum
below. Deduce the molecular formula and give a possible structure of the
compound.
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Solution
empirical formula = CH,0; molecular formula = C,Hy,0,
We can sce that the parent ion has a relative mass of 60.
M,=n(12.01)+ 20(101) + n(16.00) = 30.03n

60
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o 27 The mass spectrum shown below wasproduced by a compoundwith the formula .0,

relative abundance

P s Ay B T
§ 10 15 20 75 30 35 40 45 %0 55 60 65 70 75

mass/charge
Which ions are detected in the mass spectrometer?
I GO
Il GHO
I CHO
A landll only B landlllony. C landllony D Illandll

28 While working on an arganic synthesis, astudent isolated 2 compound X, which they then analysed
with a mass spectrometer

relativeabundance
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E 29 The mrass spectra of twa compeund are shown below, One is propancne (CH,COCH,) and the.
) ather is propanal (CH,CH,CHO} Identify the compaund in each case and explain the simiarites and
A differences between the two spectra
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E 31 Deduce the IHD of the fallowing by copying and completing the table below.

N Molecule = Corresponding saturated non-cyclic molecule IHD

B CeHg

= CHyCOCH;

| C7He02

CHCl
- =
CHMN
- CeHh20s
Different regions of the electromagnetic spectrum give
g different information about the structure of organic
The physical analytical o molecules

| techniques now avalable Spectroscopy is the main method we have of probing ino the atom and the molecule.

H fows :'Ed‘ue o amd"ﬂ’s There is a type of spectroscopy for each of the main regions of the electromagnetic

] echclogy Stendang spectrum. As discussed in Chapter 2 (page 69), electromagnetic radiation is a form of

modify the capabilities of energy transferred by waves and characterized by its:
F e - wavelength (1 the distance between successive crasts or troughs

2
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| 32 Which o the ollowing types of bond is expected to absorb IR radistion of th longest wavelength?

Bond order | Mass of atoms bonded together
il A 1 small
N B 1 large
3 ® 2 small
¥ »
D 2 large
33 The infared spectrum was obtained from 2 compound and shawed absorptions at 2100
B 1700 e, and 1200 e Idenify the compaund.
3 A CHCOOCH, B GHCOOH € CHACHCHOH D CHeCCHCOCH;
- 34 A molecule absorbs R at awavenumber of 1720 cm™. Which functionsl group could account or this
g absorprian
| aldehydes

N I emers
E I ethers
" A oy B landl € Liandil D none ofthe above
9 35 An unknawn compound has th fllowing mass composition: C, 40.0%;H, 67%;, 5335 The largest u

36

mas ecorded on the mass specirum of the compound correspands toa relative molecular mass of

&0.

(a) Determine the empirical and molecular formlas o the compound.

(b) Deduce the IHD of the compound.

(€) The IR spectrum shows an absorption band at 1700 e and a very broad band between 2500
and 3300 ! Deduce the molecular structure of the compound.

Draw the structure of asulfr dicxide molecule and identiy s possible modes of vibration, Predict

which of these islikey to absor R radiation.

Hydrogen bonds can be detected by a broadening of the absorptions. For example,
hydrogen bonding between hydroxyl groups changes the O—H vibration; it makes the
absorption much broader and shifts it to a lower frequency.

Molecules with several bonds can vibrate in many different ways and with many

different frequencies. The complex pattern can be used as a ‘fingerprint’ to be matched
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molecules for example are based on the band vibration model in which the covalent bond
between two atorns is compared to a spring, with it natural frequency depending on the bond
strength and the masses of an atom in the same way that the natural frequency ofa spring
depends on its tifness and mass. We often use our everyday experiences o help us construct
models to understand processes that are occurring on a scale beyond our experience. This is
the strength of such models a it helps our understanding; the same mass/spring model can

be used to explain a float bobbing up and in water for example. However, models lso have
limitations

Scientists often take a complex problem and reduce it to a simpler, more manageable one

that can be treated mathematically We should not forget that the bond vibration model is
asimplification - albeit an effective one. It s molecules, and not individual bonds, that are
vibrating as we saw in the examples of water and carbon dioxide (page 556).

rcises

37 Identify the bands which will produce sirong absarptians i the IR region of the electromagnetic
spectrum,
I C—Obond
Il C=Cbond
i c
A landliony. B
38 State what occurs at the malecular level when IR radiation is absorbed,

1and ll only. € llandliioy D Lilandll

39 Cyclohexane and hex-1-ene are isomers. Suggest how yau could use infared spectroscopy to
distinguish between the two compounds.

40 The intaximeter, used by the police to test the alcohol levls in the breath of drvers, measures the.
absorbance at 2900 c!. Identiy the bond which causes ethanol to absorb at this wavenumber.

41 A molecule has the molecular formula CoH0. The infrared spectrum shaws an absorption band at
1000-1300 e, but o absorption bands above 3000 e, Deduce its structue.

“The Spectra Database for Organic Compounds was opened in 1957 and has given the public
free access to the spectra of many organic compounds The total accumulated nurmber of viits
reached 350 million t the end of February 2011, and the database has sent information from
Japan to all over the world. The open exchange of information is a key element of scientific
progress.

o

You should always take care
when reading offvalues for
the wavenurmbers of the
absorptions

CHALLENGE
YOURSELF

6 Abondhasan R
absorption of 2100 e
Calciate the wavelength of
the raciation and the natural

frequency of the bond?
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the relative number of protons in each environment. The integrated trace gives this

of protons. This spectrum is analysed in more detail later in the chapter (page 567).

‘The NMR spectrum of a compotnd which has the molecular formula CiHgO is
shown here.

absorption

05 87 65 43 21

chemical shift/ppm

)

(2) Draw the full structural formulas and give the names of the three possible
isomers of C;H;O.

(¢) Identify the unknown compound from the number of peaks in the spectrum.
(d) Identify the group responsible for the signal at 0.9 ppm.

Solution

(a) The structures and names are:

under the CH, peak is three times larger than that under the CHO peak s it indicates

information more directly, as it goes up in steps which are proportional to the number

Worked example

(b) Identify the substance responsible for the peak at 0 ppm and state its purpose.

Avoid losing marks
through carelessness. The
number of peaks does not
simply give the number

of different chemical
environments - it gives
the number of different
chemical environments in
which hydrogen atoms are
located,
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o 42 The 'HNMR spectrum ofa compound exhibis three major pals an thespliting paters below.

] Chemical shift /ppm | Peak area
1.0 3

20 3
- 23 2

Identfy the compound.
=i A CHCHCH; B CHCHCHO € CHCHCOCH, D CHCHCHCHCH;
N 43 The low resolution 'H NV spectrum of a fuel Y i shawn

™S

chemical shift
Identify Y.
A CHOH B GHe € GHOH D CHOCH;
44 How many peaks illthe following compounds show in their ' NMR spectra?
[ CHy.
(@)] CH;—C—0—CH; (Q CH—C—CHs
CHy
g TH;
B (b) CHy—O—CH, @ cufffn
a

45 Describe and explain the 'H NMR spectrum of CH,CH,OH.
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Portapap cosine functions, which allows a mass of data which has been collected simultaneously to be 0
| untangled and analysed separately. These Fourier transforms are used in other spectroscopic
techniques. Dorothy Hodgkin won the Nobel Prize in Chemistry in 1964 for her work on the
| structures of vitamin B and penicilin
H Exercises
g - 49 Which analytcal tchnique would gve bond ength and bond ange data fora sampl of a transidon
metal complec?
W 50 When manochromaticX rays are directed towards a rysal, some undergo diffraction. What s meant
E b the term monochromaticanchwhy i ths important n X-ray cystalography?
| 51 Why do hyrogen atoms not appear inan electron densy map produce by X-raydifaction?
g 52 Beplain why 2 sample must be inth soi state when X-ray difaction s ued to detemine it
swcture
H 53 A simplified electron density map of a compound is shown.
4 (a) Ideniy the compound from s bond length data
= (b) Explintuhy notall the atoms are shown in the electron densty map.
B (€) Deduce the degree of IHD of the compound.
=

m

2
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o] - 1.00x10°s 3 4.500 x 107" mol dm= 4
1.000 x 1035 a4 4.5000 x 10-" mol dm-3 5
M = E
]
. 1 Whatis the uncertainy range i the measuring oylnderin the close up photo here?
e »

You should compare your

2 Areward i given for a missing diamond, which has a reported mass of .92 (4) 0.05 g You find a
diamond and measure its mass as 10.1 &) 0.2 g. Could this be the missing diamond?

3 Express the fllowing in standard notation

(@) 004g (b) 222 em? (9 0030g (@) 30°C
4 Whatis the number ofsignficant figures in each of the follawing?
(@) 1550cm® (b) 1505 (@ 00123g (4) 1500g

Experimental errors

The experimental error in a result is the difference between the recorded value and
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Exercises

5 Repeated measurements of a quantiy can recuce the effects o
| random erors
I systermatic emrors
A lany B llonly C landil D reither lor I
6 Astudent makes measurements from which she calculates the enthalpy of neutralzation as SB.5357 4
Mol She estimates that her result i precie to £2%
Which ofthe following gives hr resuft expressed to the appropriate number of significant fiures?
A 594mor! B s8Sgmor’ € Sesakmor’ D S853%Kmor!
7 Using a measuring eylinder,  student measures the volume of water incorrectly by reading the top
instead o the bottom of meniscus. Thi errar wil affect:
A nether the precision nor the accuracy of the readings
B only the accuragy of the readings
C only the precision of the readings
D boththe precision and the accuracy of the readings
8 Aknownvalume of sodium hydrosdde solusionis added to:a conical flask using a ppettz. A burette is
used o measure the volume of hydrochloric acid needed to nautralize the sodum hydrocide. Which
ofthe fallowing would lead ta 2 systematic eror in the resuls?
I the use of awet burette
Il the use of awet pipettz
I the use of awet conical sk
A landllony B landllony € llandllony D Lllandlil
9 Which type of emors can cancel when differences in quaniities re calaulated?
| random erors
I systematic emors

A lorly B llony € landll D neither larll
10 Measurements are subject to both random errors and to systematic errors, Identiy the correct
statements,

| Systematic errors can be reduced by modifying the experimental pracedure,
I A random error resuls in a ifferent reading each fime the same measurement i taken.
1l Random errors can be reduced by taking the average of several measurements

A landlionl B landillonly € llandlliony D I,llandill

11 The volume of a water sample was repeatecly measured by a student and the following results were
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E 8
] | fnal
H . temperature
| =
= What i the temperature change expressed to the appropriate precision? B
E A L40£000K B 205£001K € 20500005k D 21%01K
= 14 Athermometerwhich can be read to 3 precison of £05 °C is used to messure atemperature increse
from 300 0 500°C.
Wht i the percertage uncertiny in the measurement o he temperature ncresse?
&l A % B 25% C 3% D 5% =
3 15 Whatisthe i source of eor in experiments caried out o catermine enthalpy changes n a school
A laborstony?
E A uncertain volume messurements
B heatexchange with the suroundings
E C unceraintizs nthe cancertrations ofthe solutions
E D impurties nthe resgents
16 The mass of an object is measured as 1.652 g and its volume as 1.1 cm?. If the density (mass per unit
| volume) i calculated from these values, to how many significant figures should it be expressed?
E A B2 c3 D«
H 17 The rumber ofsignficant fgures that should b reported forthe s ncresse which s obtained by
B taking the ciference between readings of 1.6235 g and 105805 g i
Az B 4 cs b
B a ama a - o
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300
250 7
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?“ 150-
3 100
E
S0 5o
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0 20 40 60 80 100
volume (+ 0.001)/cm?
The eraturevaluesof the density of some elements are shown,
Element Density / g
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iron 736
copper )
znc A
These experimenta eulssuggest
ldentityof X | Systematicemors | _ Random er
A | aluminum sgifcant notsignficant
B [ alminim notsignficant sificant
€ [ inconclsive noxsignficant notsignficant
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