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Achievement Standard 91388 

Demonstrate understanding of spectroscopic data in chemistry. 

 

An annotated exemplar is an extract of student evidence, with a commentary, to explain 
key aspects of the standard. It assists teachers to make assessment judgements at the 
grade boundaries. 
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 Grade: Excellence  

 For Excellence, the student needs to demonstrate understanding of spectroscopic 
data in chemistry. 
 
This involves producing evidence that shows the integration of IR, C-13 NMR and 
mass spectra to justify the structure of an unknown molecule. 
 
The student needs to produce evidence of integrating the links between the key 
aspects of the three spectra to the correct structure of the unknown molecule. 
 
This student has explained the links between the key peaks on the three spectra to 
the structure of the unknown molecule (1).  
 
The student has provided evidence of integrating the information from the three 
spectra to rule out some the possible structures (2) and to the justify the correct 
structure (3). 
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The IR spectrum shows 2 medium sized peaks at 2822 cm-1 and 2719 cm-1 these could be 
the C=C-H stretch of an aldehyde. There is a strong peak at 1728 cm-1 which could be the 
C=O stretch of an aldehyde. There is another strong peak at 2960 cm-1 which could be a C-H 
stretch. 
Compound Q cannot be an amine because if it was an amine then I would expect to see a 
double peak between 3500 cm-1 and 3300 cm-1 for the N-H stretch, however this isn’t 
present. Also, there is no peak between 1640 cm-1 and 1500 cm-1 for the N-H bond present. 
In an amine, we also wouldn’t expect to see the strong peak at 1728 cm-1. Therefore, it isn’t 
an amine and so isn’t compound 4 or 7. If it was a ketone then I wouldn’t expect to see the 
peaks at 2822 cm-1 and 2719 cm-1 for the O=C-H stretch. Also, the strong C=O stretch would 
be a bit lower, between 1720 cm-1 and 1715 cm-1. So, it isn’t a ketone and therefore 
compound Q isn’t molecule 1,2 or 6. 
From the peaks shown in the IR spectrum I believe that compound Q is an aldehyde. This is 
because of the two peaks at 2822 cm-1 and 2719 cm-1 for the O=C-H stretch and the strong 
peak at 1728 cm-1 for the C=O stretch. Therefore, it is either molecule 3, 5 or 8. 
The C-13NMR spectrum shows 4 peaks this means that there are 4 unique carbon 
environments. Molecule 1 only has 3 unique carbon environments so it can’t be this 
molecule. Molecules 4 and 5 both have 5 unique carbon environments so it can’t be these 
either. Molecules 2, 3, 6, 7 and 8 all have 4 unique carbon environments so compound Q is 
one of these molecules. However as shown by the IR spectrum compound Q is an aldehyde 
so the compound will either be molecule 3 or 8. 
There is a peak at 22.59 ppm which could be a CH3 carbon. There is another peak at 23.57 
ppm which could be a CH carbon or a CH2 carbon. There is another peak at 52.66 ppm this 
is the CH2 carbon which has been downshifted because it is bonded to the functional group. 
There is another peak at 202.71 ppm this is the C=O carbon of the aldehyde. These peaks 
show that compound Q is an aldehyde with 4 unique carbon environments so therefore 
compound Q is either molecule 3 or 8. 
If it was an amine the I would expect to see a peak between 70 ppm and 30 ppm. A peak is 
present in that region but I wouldn’t expect to see a peak at 202.71 ppm, so it cannot be an 
amine and therefore not molecule 4 or 7. If it was a ketone then I would have expected to 
see the peak at 202.71 ppm a bit more downstream and shown in the IR spectrum it isn’t a 
ketone. 
Molecule 3      Molecule 8 
CH3

1 2               3               4                                                                            1                2                 3               4 

 CH     CH2     C     H    CH3     CH2     CH2     C     H 
 
CH3

1            O                 O 
Both compounds have 4 unique carbon environments and are both aldehydes. 
 Molar mass =      Molar mass =  
(5x12) + (10x1) + 16 = 86 g mol-1    (4x12) + (8x1) + 16 = 72 g mol-1 
The mass spectrum shows that compound Q has a molecular ion peak of 86m/z which is 
means that mass of the compound is 86 g mol-1. This means that compound Q could be 
molecule 1, 2, 3, or 5 as they all have a molar mass of 86 g mol-1. Molecule 4 and 7 both 
have a molar mass of 87 g mol-1 so it can’t be them. Molecule 6 and 8 both have a molar 
mass of 72 g mol-1 so it can’t be them either. 
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86 g mol-1 is an even number therefore there is either an even number of nitrogens present 
or zero nitrogens present. This means compound Q cannot be molecule 4 or 7, as they are 
both amines which have 1 nitrogen and have a molar mass of 87 g mol-1 which is an odd 
number. The IR and C-13NMR spectrum showed that the molecule was either molecule 3 or 
8 so because molecule 8 has a molar mass of 72 g mol-1 compound Q must be molecule 3. 
CH3

  

 CH     CH2     C     H 
 
CH3            O 
The expected fragments on the mass spectrum for molecule 3 are:  
CH3 / CH3 / CH / CH2 / COH 
15 
30 
43 
57 
86 
   29 
   43 
   56 
   71 
   86 
There is a peak at 29 m/z for the COH+ fragment and another peak at 15 m/z for the CH3

+ 
fragment. There is a peak at 43 m/z which could be the CH3CH3CH+ or CH2COH+ fragment. 
There is another peak at 71 m/z which is the CH3CHCH2COH+ fragment. There is a peak at 
86 m/z which is the molecular ion peak for CH3CH3CHCH2COH+. These peaks all confirm 
that compound Q is molecule 3 as they can form from the structure as shown above. 
Shown by the IR spectrum, C-13NMR and mass spectrum I have found that compound Q is 
molecule 3. It is an aldehyde with a molar mass of 86 g mol-1 and 4 unique carbon 
environments. 
Because it is molecule 3 this means that on the C-13NMR spectrum the peak 22.59 ppm is 
the CH3 carbon, the peak at 23.57 ppm is the CH carbon, the peak at 52.66 ppm is the 
downshifted CH2 carbon and the peak at 202.71 ppm is the C=O carbon of an aldehyde.  
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 Grade Boundary: High Merit 

 For Merit, the student needs to undertake effective project management to support 
technological practice.  

This involves determining the structure of organic molecules using spectroscopic 
data. 
 
This student has explained how the three types of spectroscopic data were used to 
identify the molecule (1). 
 
The student begins to link the key peaks on the three spectra to the structure of the 
unknown molecule.  
 
This evidence does not reach Excellence because the student needs to fully 
integrate the information from the three spectra to rule out other possible structures, 
and to justify the correct structure of the unknown molecule. 
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Mass Spec: 

m/z ratio group 

88 C2H4O is the empirical formula 
and has a mass of 44 so 
compound must have formula 
C4H8O2. This is the molecular 
ion peak. And the base peak 
as it has 100% absorbance. 

89 Peak due to relative isotopic 
abundance of 13C isotope 

45 COOH+ 

43 C3H5+ 

29 C2H5 

 
IR: 

Wavenumber(cm-1) Characteristic group 

2980 broad Carboxylic acid 

1710 sharp C=O Aldehydes, ketones, 
carboxylic acids, esters 

 
NMR: 

Chemical shift (ppm) Characteristic group 

13 CH3 

19 CH2 

38 CH2 

180 C downfield shift due to C 
bonded to highly 
electronegative atom or atoms 

There are 4 carbons in the compound 
 
Justification: 
With the mass spectrum showing a peak at 88 and an empirical formula of C2H4O the chemical 
formula of the compound is C4H8O2. The peak at 29 is characteristic of a fragment formed due to the 
breakup of the compound in the mass spectrometer to form a C2H5+ion. The peak at 45 is due to the 
COOH+ ion. This indicates that compound A could be butanoic acid.  
The 4 different chemical shifts indicating that the carbons are all in different environments in the13C 
spectra suggest that the compound would be the straight chain butanoic acid. The peak at 180 would 
be due to the carbon with two oxygen atoms bonded to it.  
Analysis of the IR spectra shows a broad peak at 2980 cm-1 confirming the presence of the O-H group 
on the butanoic acid. The acid is further confirmed by the peak at 1750cm-1 which is characteristic of 
the C=O. 
This makes me believe the molecule is butanoic acid.



Exemplar for internal assessment resource Chemistry for Achievement Standard 91388 

© NZQA 2018  

 Grade Boundary: Low Merit 

3. For Merit, the student needs to demonstrate in-depth understanding of 
spectroscopic data in chemistry. 
 
This involves determining the structure of organic molecules using spectroscopic 
data. 
 
This student has identified a possible structure using some of the identified data 
from two types of spectroscopic data (1). 
 
For a more secure Merit, the student could explain how the identified data 
supports the identification of the molecule. 
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Mass Spec: 

m/z ratio group 

88 C2H4O is the empirical formula 
and has a mass of 44 so 
compound must have formula 
C4H8O2. This is the molecular 
ion peak. 

45 COOH 

29 C2H5 

 
IR: 

Wavenumber(cm-1) Characteristic group 

2980 broad  

1710 sharp C=O 

 
NMR: 

Chemical shift (ppm) Characteristic group 

13 C 

19 C 

38 C 

180 C downfield shift due to 
bonding to electronegative 
atom oxygen. 

There are 4 carbons in the compound 
Justification 
With the mass spectrum showing a peak at 88 and an empirical formula of C2H4O the chemical 
formula of the compound is C4H8O2. The peak at 29 is characteristic of a fragment formed due to the 
breakup of the compound in the mass spectrometer to form a C2H5+ion. The 4 different chemical shifts 
indicating that the carbons are all in different environments. The peak at 180 would be due to the 
carbon with two oxygens bonded to it. This is consistent with the ester methyl propanoate which would 
have 4 different carbon environments. 
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 Grade Boundary: High Achieved 

4. For Achieved, the student needs to demonstrate understanding of spectroscopic 
data in chemistry. 
 
This involves identifying discrete aspects of the structure of organic molecules 
using teacher-provided spectroscopic data. 
 
This student has identified discrete aspects of the spectroscopic data (1) and has 
used some of the spectroscopic data to identify a possible structure (2). 
 
To reach Merit, the student could explain how two different types of spectroscopic 
data result in the identification of the molecules structure. 
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Mass Spec: 

m/z ratio group 

88 C2H4O is the empirical formula 
and has a mass of 44 so 
compound must have formula 
C4H8O2. This is the molecular 
ion peak 

 
IR: 

Wavenumber(cm-1) Characteristic group 

2980 broad  

1710 sharp C=O 

 
NMR: 

Chemical shift (ppm) Characteristic group 

13 C 

19 C 

38 C 

180 C  

 
There are 4 carbons in the compound 
 
From the three graphs the unknown compound is methyl propanoate which would have 4 different 
carbon environments. 
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 Grade Boundary: Low Achieved 

5. For Achieved, the student needs to demonstrate understanding of spectroscopic 
data in chemistry. 
 
This involves identifying discrete aspects of the structure of organic molecules 
using teacher-provided spectroscopic data. 
 
This student has identified discrete aspects from all three types of spectroscopic 
data (1). 
 
For a more secure Achieved, the student could identify what functional group that 
relates to the peaks on the infrared (IR) graph. 
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Mass Spec 

m/z ratio group 

88 C2H4O is the empirical formula 
and has a mass of 44 so 
compound must have formula 
C4H8O2 

 
IR: 

Wavenumber(cm-1) Characteristic group 

2980 broad -OH 

1710 sharp C=O 

 
NMR: 
 
There are 4 carbons in the molecule.
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 Grade Boundary: High Not Achieved 

6. For Achieved, the student needs to demonstrate understanding of spectroscopic 
data in chemistry. 
 
This involves identifying discrete aspects of the structure of organic molecules 
using teacher-provided spectroscopic data. 
 
This student has identified some discrete aspects of two spectroscopic techniques 
(1).  
 
To reach Achieved, the student could identify the main peaks on the infrared (IR) 
graph, use the mass spectroscopy data to identify the molecular formula and use 
the NMR to identify the number of unique carbon environments. 
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 Mass Spec:  

m/z ratio group 

88 This is the mass of the 
compound, 88gmol-1 

  

IR: 

Wavenumber(cm-1) Characteristic group 

2980 broad Acid 

 

NMR: 


