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So greetings, we will continue our discussion where we had left off regarding the application of

IR to a different functional groups. I had shown you this slide in my previous class.

(Refer Slide Time: 00:33)

We were discussing about the peak of carbonyl group that appears between 1715 and 1754 and I

had explained to  you that  irrespective  of where the functional  compound irrespective  of  the

compound we get the peak of the functional group exactly at the same place. But within the

electrical and other stearic effects though you will contribute to shifting the peaks by about 5, 10

centimeter inverse range ok.

(Refer Slide Time: 01:12)



Now the effects of ring size and the conjugated unsaturation also same to be additive, because I

have been talking about the steric effect now. So the ring size and conjugation must be having

some effect. So what are the actual effects of such things means they are additive. So halogen

and carbon atom alpha2CO raises the frequency by about 20 centimeter, so this is known as keto-

enol tautomerism.

You just  remember  a  halogen  actually  hydrogen and  carbon  atom alpha  to  C0 is  keto-enol

tautomerism, but a halogen on the same alpha carbon atom that is next carbon atom next CO

group in a compound. The halogen is normally electron donating group. So it shifts the peak of

C0 by about 20 centimeter. So actually halogen I may be wrong but halogen could also be an

electron attracting group that is why it raises the frequency.

That means energy it moves to a shorter wavelength by about 20 centimeter, I am wrong but you

can correct it and C0 group in aldehydes also shifts to longer wavelength with carbon hydrogen

conjugation carbon hydrogen single bond ok. So in this group this COH group aldehyde group,

carbon stretching appears at 2940 centimeter inverse ok. So but if it is a take benzaldehyde here

also there is carbon hydrogen stretching frequency should off that now.

Because the benzaldehyde also should have carbon and hydrogen in benzene groups, so there it

appears at 2841 whereas actual carbon hydrogen stretching frequency here is 2940, so there is



about 100 centimeter inverse there is peak in benzaldehyde, but here what I am showing you this

stretching frequency attached to carbon hydrogen is 2940, in benzaldehyde what you are seeing

is in this 2940 shifts to 2841 ok, that is the stretching frequency attached to this carbon COH

group from 2940 to 2841.

And then another frequency is that is in benzaldehyde the benzene group CH group stretching is

there. So that appears around 2762 and then there is one more CH stretching frequency 3086

centimeter  inverse,  this  one  appear  at  aromatic  stretching.  So  the  same  CH stretching  will

normally give you 3 peaks, so do not get confused if you see so many beaks but they could be

one related could be related to benzaldehyde.

And could be the CH in the benzene group, 1 could be the CH in the COH group like that there

will be difference and we should be able to identify with experience. But if you look up the

database you may suddenly you may see the peaks being assigned specific stretching frequency

ok good. So now look let us look at this carboxylic acid anhydride ok, anhydride etc.

(Refer Slide Time: 05:18)

Acid anhydrides show 2 absorption band that is CO group is already there ok C double bond

OCO look at the chemical structure of the anhydrides you will see that there are 2 CO groups

that is ketonic groups and again attached with another CO single bond ok. So there are 1780,

1870 to 1740 range you will see 2 absorption peaks ok. But the shorter wavelength peak is the



more intensive peak. So if you see 2 peaks and 1 is more intense another is less intense you can

definitely say that the compound is anhydride.

Analic anhydride inhalic anhydride succinate anhydride, there are so many anhydrides organic

compounds used in different industrial application. So that is another kind of thing, now you

look at take a look at the AC2O that is acetic anhydride, acetic anhydride where does it show, it

shows 2 peaks 1832 and 1761 centimeter.

And it will also show C-O stretching it should show, so 11 till that stretching frequency of that

1175 to 1050 centimeter inverse for C-O stretching. Now look at amides I have 1786 to 1626,

this is assigned C-O 1781 centimeter inverse for C-O stretching, these appears only in vapour

state ok. If it is in do you take in a solvent it do not appear and the same beak will appear exactly

if you take amide, amide is a liquid.

Suppose amide is a liquid you take it pure liquid it appears at 1650 centimeter, the same beaks

shift how they shift depending upon the chemical requirement, chemical environment is variably

brought about in this slide. So suppose you take a dissolve amide in chloroform instead of 1650

you will see 1701. So you should not say O that is some other compounds no it is only the steric

effect that is showing you all these variations.

But you will see stretching frequencies these cannot change, these are fairly broadband 3570 to

3450 centimeter inverse and then N-H stretching also you should see because there are in amides

CO NH2 is the group is not, in amides I have this is an amide ok this is an anhydride, this is an

anhydride, so in CO N-H2 we should expect carbon nitrogen is there. So but if it is an amide

something like this, this is the secondary amide okay.

This is a secondary amide, if there is no hydrogen inside 2 hydrogen means primary ok. This is

secondary amide, tertiary amide means no hydrogen C-O N R1 and R2 this is a tertiary amine.

So in tertiary amine again for N-H stretching you will see 2 peaks for corresponding to NH2

group and one peak for secondary and no NH stretching frequency in this thing because they it is

connected to carbon atom that is R1 and R2.



(Refer Slide Time: 10:04)

So you can if you know a compound is exactly and amide then pure amide you can say that the

weather it is primary, secondary or tertiary by looking at it by at the C-O group as well as N-H

stretching frequency. So similarly  for amines  amine show N-H stretching here and the N-H

bending also they will show. But the molar extinction coefficient of functional groups cannot be

accurately determined.

Because the sample what we take is very small ok and molar extinction coefficient depends upon

the molarity of the substance as well as path length it is Beer-lambert's law that I have taught you

in spectrophotometric, it applies everywhere in infrared also. But it is becomes a little compose

that is why I i's not used for quantitative analysis as much as in a spectrophotometer. So average

values can be calculated of the molar extinction coefficient.

But  not  be  exact  values,  so  for  that  we  need  a  precise  quotes  and  precise  quantity  of  the

substance and then precise measurements of absorption etc. and all transmission for that matter.

So but the average values can be calculated. So if you do this the C-O group for the C-O group

for  aldehydes  it  is  approximately  500, for acid it  is  approximately  800 and for amides  it  is

approximately 1300.



So for weak absorptions what do you do, if the absorptions is weak, weak means low molar

extinction coefficient, small peak just little bit very thing, sometimes the compound is a less in

quantity the beak may not appear. So all these positions, all these things one has to consider, so

for sometimes our teachers used to say sir I am not getting a peak and no you are taken very

small quantity, take double quantity you will see a peak there.

(Refer Slide Time: 12:45)

They were so confident about the appearance of the beaks in IR with respective to functional

groups, stretching vibrations and bending vibrations okay. Now alkenes again as usual we expect

weak IR spectrum weak beak between 1680 to 1620 and C-H stretching frequency will be strong,

that is 3135 centimeter inverse, so in alkenes I can have 2 types one is cis con and another is

trans form okay.

So trans form is more symmetrical than the cis form, so they can be identified they will there IR

spectrum of bending vibrations will be slightly different and we can identify sis and trans forms

of these compounds okay. Alkynes again there is a straight  line the compounds that is  right

compounds  they should show weak switching frequency 2275 to 2085 carbon-carbon single

bond.

And then here also you can see 3333 this is also stretching frequency but this will be somewhat

shaper and carbon nitrogen in the same region of appears but carbon nitrogen is more intense



than the carbon-carbon peak. This is nitrile group okay, C=N is nitride and carbon-carbon triple

bond is carbon-nitride okay. Then aromatic compounds I can expect C-H stretching and C-H

stretching here also.

(Refer Slide Time: 14:14)

And some bending  vibrations  so  3030,  1600,  1580,  1500  and  1450  centimeter  inverse  and

carbon-carbon double bond we see in plane double bending that appears between 1000 to 670

centimeter inverse you can see that this range is quite large you know it is not a typical of IR. So

what  it  means  is  it  will  appear  anywhere  in  this  range,  peak  will  be  sharp  only.  So

monochromatic aromatic substances that something like 3685 something like okay.

See one nitrogen replacement  in a benzene ring that is mono substituted,  so they show very

characteristic IR peaks between 750 to 700 okay and di substituted C6 H4 something O-H twice

or something like that. So such di substituted aromatic compound show very characteristic IR

peaks at 5730 centimeter inverse it is quite energetic normal IR range is 4000, so you do not say

this in normal IR ok 5738 still towards near IR.

And but there are IR instruments which start from 5000 centimeter inverse, now so 5000 to 5730

centimeter is near IR only. So we will not get a peak here but they do show a peak in that range

followed by 2000 to 1670 centimeter inverse which are overtones bands of low intensity ok.

(Refer Slide Time: 16:11)



Now some of these things what I have shown you earlier I am showing you in the form of a table

ok this is group, this is the range, this is the intensity and this is range in centimeters inverse, this

is microns, so C-H stretching etc. alkane, alkene monosabstituted that is vinyl group etc. and I

will not go into more into details, but I am providing you these slides for your convenience okay.

So you need not remember this.

But you can use it as a ready reference but this ready reference will help you only in this course

rather  than  in  your  day-to-day life  because  in  your  day  today  life  if  you have  access  to  a

computer  you  can  have  access  to  data  much  more  complicated  and  much  more  detailed

accessibility for IR peaks. So we have alkene di substituted cis is 3040, alkene disubstituted trans

is 3010 or something like that somewhere in that range ok.

Both are medium intensity  bands,  so disubstitute  gem disubstituted  part  appearances  is  here

3095, and 3075, alkene is 3040 to 3010. So alkaline is 3300, aromatic is 3300 you need not buy

or study this for the sake of examination but just like this is towards my teaching contribution to

you how to understand a table, what are we looking for see.

(Refer Slide Time: 18:08)



Otherwise normally people do not know exactly what kind of information people they get from a

table. So now I am going to talk about C-H bending. So the top column headings will remain the

same alkanes, alkenes, and alkynes gem dimethyl, alkene tertiary butyl and all these things and

these are some of the centimeters inverse range, I am more familiar with centimeters inverse

rather than micrometers microns ok.

(Refer Slide Time: 18:45)

So this is another group alkane disubstituted etc. and here you see them in the low IR range that

means these are all bending vibrations ok. The bending vibrations also same to be quite strong

the intensity of the peaks also if we study you will know that it is becomes easier for you to

identify the peaks.



(Refer Slide Time: 19:18)

Now  alkaline,  aromatic  five  adjacent  among  the  aromatic  compounds  you  can  see

monosabstituted that is 750 to 700 and disubstituted four adjacent hydrogen atoms and that is an

auto compound substituted. So that is the 750 three adjacent is 780, two adjacent hydrogen atoms

are there 830 like that only one nitrogen and five hydrogen substituted will be somewhere around

880 like that you will see different combinations and possibility for identification as and when

you are experience growths okay.

(Refer Slide Time: 20:06)

So this is carbon-carbon multiple bond stretching, so this is non conjugate alkane around 1680

fingerprint region. So if you do not know a particular compound first thing is go look for the



fingerprint region if you can identify aldehyde, ketone etc. etc. well and good. Otherwise you

have to go to database disubstituted alkene is somewhere again 1658 all medium this thing and

alkene tetra substituted becomes weak.

(Refer Slide Time: 20:53)

But so you will see a small deep in the spectrum not the full peak, so alkynes they have put all of

them.

(Refer Slide Time: 20:57)

Then  carbonyl  chromophore,  I  have  some  of  them  here  ketonic  stretching  ok  that  is  1725

saturated cyclic compounds 6 membered ring 1725 to 1705, five membered ring 1740, all of

them are within 1680 to 1750. So C-O grouping any person not familiar with IR would also be



able to identify C-O groups, if they are there ok. So but a little more experience will help you

identify different compound.

For example this last one we will look at it, six membered ring and five membered ring 1685 to

1785 a good organic chemistry this is 6 membered ring because a peak is here like that it is

possible to look at different organic compounds and functional groups which I have listed here.

(Refer Slide Time: 22:03)

So it should not be a problem for you to work depending upon your requirement.

(Refer Slide Time: 22:10)



Then I have also listed a few other organic compounds aldehydes, ketones etc. I am not going

into details, but it is only for the completeness of the teaching programme ok.

(Refer Slide Time: 22:27)

Ester streatching I have given you here, some of the electrons are there.

(Refer Slide Time: 22:32)

Electrons are useful for milk and milky products ok, so keta esters they are all fragrances and

carboxylic  acids  again  it  is  quite  possible  to  identify  several  carboxylic  acid because  of the

presence of C-O bond carbonyl group.

(Refer Slide Time: 22:50)



And then followed by a stretching and dynamic stretching and all those things are there, so some

of these things are there.

(Refer Slide Time: 23:03)

You can identify compounds like fluorine, chlorine and bromine depending upon just look at

these things 1928, 1828 centimeter inverse and 1828. So most of the alicyclic halide stretching

frequencies  with  fluoride,  chloride,  bromide  they  can  be  easily  identified  without  chemical

analysis ok.

(Refer Slide Time: 23:29)



So amides again I have primary, secondary, tertiary dilute solution, solids and all solutions and

like that one can look at it I will not go into details of the number, but suffice it to say that you

can have many organic compounds like this is a cyclic compounds, beta lactam, urease, urethane,

imides.

(Refer Slide Time: 23:59)

All these things can be easily identified using IR ok.

(Refer Slide Time: 24:03)



This is miscellaneous chromophoric groups O-H stretching hydrogen bonding all this things we

can see in IR, but we need more time and more experience or exposure to IR spectrometer ok.

(Refer Slide Time: 24:18)

This is O-H bending and C-O stretching for vibrations.

(Refer Slide Time: 24:26)



Again they are all in the fingerprint range 1400 to 1900 thing 900 range.

(Refer Slide Time: 24:31)

So some of these again amines all primary, secondary, tertiary, again amines will show primary,

will show 2 bands secondary will show one band, like that it will come.

(Refer Slide Time: 24:51)



And then C-N vibrations are there aromatic compounds.

(Refer Slide Time: 24:56)

Unsaturated organic compounds then nitrates, nitrites, nitrogen compounds they can there also

identified.

(Refer Slide Time: 25:04)



So what  happened  is  you especially  the  fingerprint  region becomes  easier  if  you know the

functional group, if you are handling only one type of organic compound then it will becomes

easier for you.

(Refer Slide Time: 25:19)

But if you have an unknown organic compound IR will help you to eliminate many of these

substances ok.

(Refer Slide Time: 25:28)



Now I will show you some of the IR peaks.

(Refer Slide Time: 25:39)

There is this di-n-butyl ether you can see so many peaks here stretching frequencies and then

because  it  is  ether  you will  even  see  C-O stretching  frequency and here  most  of  them are

wavelength that  is  centimeter, microns and centimeters  inverse is  put at  the top and what is

plotted is transmitted. This is for di-n-butyl ether ok.

(Refer Slide Time: 26:11)



Now you can see some more this is lauryl, you can see the peaks C-H stretching frequencies and

then O-H stretching frequency is here, then there is one more O-H bending here, then there is CH

stretching frequency is here like that because these are all given compounds spectrum has been

taken, that is why we are able to identify. But if I do not write this lauryl alcohol one may be

getting confused ok.

(Refer Slide Time: 26:46)

So Borneol this is the fragrance compound you can see the different peaks I suggest you try to

write down the number and try to identify some of the peaks depending upon what I have taught

you so far. So it will help you understand many peaks, IR peaks how to work with I infrared

spectrum.



(Refer Slide Time: 27:12)

So this is cyclohexanone very well known compound and you can see one here and then so many

small peaks here weak, these are all weak peaks, these are stretching frequency very sharp and if

there is a broad peak like this it means there is lot of water in the sample ok in this range that is

2000, 3000 to 4000 range or we will show you some of them.

(Refer Slide Time: 27:46)

So this is cyclopentanone and very simple straight forward.

(Refer Slide Time: 27:54)



And then ethyl benzoate another infrared spectrum.

(Refer Slide Time: 28:01)

Then butyro lactone lot of peaks.

(Refer Slide Time: 28:06)



Ethyl acetoacetate these are only for your record, it will not be there for examination nor any

related activity ok.

(Refer Slide Time: 28:19)

So nonanoic acid.

(Refer Slide Time: 28:22)



Benzoic acid is here, so some of these compounds when they are produced industrially we use

these spectra for comparison for the purity ok. I now I would like to teach you about quantitative

analysis of infrared.

(Refer Slide Time: 28:38)

That I will teach you in the next class ok, that all now we are almost nearing the end of our

discussion and I will be concluding the session with IR gas analyzers as well as the quantitative

analysis that we will do it in the next class, thank you very much.


