A Second Year blog on Benzene, C6H6, Part 4: 5th January 2019
(This is a revision blog. It is merely a summary of some of the things that you need to know about Benzene.)

This blog is about how you go from Benzene to Phenol and to Azo dyes1. It is an OFTEN asked
question in the exams. (As we saw last week, Phenol activates at Positions 2/4/and 6.)
Phenol, C6H5.OH (or “Benzenol” or “Carbolic acid”2) is a colourless solid and is the mono-alcohol3 of
Benzene viz. only one “–OH” species has replaced an “H” atom on C6H6. Phenol, C6H5OH, is a solid at
Room Temp. Wikipedia shows the skeletal structure as

The alternating double and single bond depiction is important when it comes to talking about Azo Dyes
because the characteristic feature of a dye is of necessity its colour (because that is what singles out a
“dye”), and conjugated species are usually coloured species.
As you can see, in Phenol an H atom on Benzene has been replaced by an “–OH” species (i.e. the
substituent species is “–OH”), and since in most instances an “–OH” species has a negative charge
H2O

H+ + OH–

or

NaOH(aq) ––> Na+(aq) + OH–(aq)

then the immediate question that arises is “How does a negatively charged OH– species attack Benzene
when the latter is surrounded (above and below) by the area of high electron density provided by its
delocalised π ring?”!
The answer is that “It cannot” because two nucleophiles repel each other and therefore they cannot react.
A considerable amount of manoeuvering has to take place in order for a negatively charged “OH–”
species to replace an H atom on a Benzene ring.
The steps taken are
Stage 1 Benzene (C6H6)

––> Nitrobenzene (C6H5.NO2) using HNO3 and 2H2SO4

Stage 2 Nitrobenzene (C6H5.NO2)

––> Phenylamine/Aniline (C6H5.NH2) using Tin and HCl

Stage 3 Phenylamine (C6H5.NH2)

––> BenzeneDiAzoniumChloride using NaNO2 and 2HCl
<–– This is BDAC

Stage 4 Now couple the BDAC with whatever you need to get your end-product.
The French word for “nitrogen” is “azote”, therefore if you see the term “azo” in Chemistry then you will know
that the element Nitrogen is involved, and if you see the term “diazo” then you will know that two Nitrogen atoms
are involved. There are many “diazo” substances in Chemistry (and especially in dyes).
2 Please do not confuse this with “carboxylic acid”. Carbolic Acid ≠ Carboxylic Acid. Carbolic acid soaps are
antiseptic (but seem to have gone out of favour with the advent of modern antiseptics). Until the 1960s, every house
in the UK used ‘carbolic soap’, and “coal tar” soap (such as Wright’s Coal Tar soap) was very popular. In the 1950s,
all young boys used to be given a jolly good scrub with carbolic soap by their mothers on a Saturday night!
3 An alcohol is an organic species where there is one or more “–OH” species attached to one (or more) of the C
atoms in the species.
1

1

BDAC is an important starting point for many Benzene derivatives, and here are just some of them from
Professor William Reusch’s excellent web-book on chemistry at
https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/intro1.htm
but his book is a bit too advanced for you at this stage (i.e. for learning ‘A’ Level Chemistry).

Source: Prof William Reusch, Michigan State University

Let us look at each of these steps at the bottom of page 1 in turn, and Knockhardy shows the steps as
Step 1: The Nitration of Benzene

2

I have already described Step 1 (the Nitration of Benzene) in the blog of the 22nd of December 2018, so
please go back and read that blog. If the temperature of the reflux is allowed to go too high, then multiple
substitution will take place (at positions No. 1/3/and 5).
Step 2: Convert Nitrobenzene into Phenylamine/Aniline/Aminobenzene/Benzeneamine4

From OILRIG, Oxidisation involves the Loss of electrons and Reduction involves the Gain of electrons,
but before we discovered electrons (about 125 tears ago), the definition of Oxidisation was the gain of
Oxygen, and Reduction was the gain of Hydrogen. The reason that I tell you that is that the Reduction of
Nitrobenzene to Phenylamine/Aniline involves the loss of Oxygen atoms and the gain of Hydrogen
atoms, and the two most common methods of preparing Phenylamine/Aniline from Nitrobenzene involve
i) the catalytic hydrogenation of Nitrobenzene (where Platinum is a good catalyst to use)

or
ii) reacting Nitrobenzene with Sn (Tin) and HCl, or else with Iron and HCl.5

In (ii), you use the widely-used (under acidic conditions) reducing agent Tin (II) Chloride, SnCl2(aq), to
get the Hydrogen that you require to hydrogenate C6H5.NO2 (Nitrobenzene) to convert it into the
Phenylamine/Aniline/Benzenamine/Aminobenzene, (C6H5.NH2) that is required.
NB Phenylamine/Aniline/Benzenamine/Aminobenzene are all different names for C6H5.NH2.
4
5

These are all names from history.
Iron is much cheaper to use than Tin.
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Step 3: Convert Phenylamine into BnzeneDiAzoniumChloride (BDAC)

BDAC is

or

[C6H5N2] + . [Cl]–

and let me draw your attention to the fact that the positive charge is on the N atom that is closer to the
C6H5 species.
Please do not be put off by the look of BDAC. After all, what conceptual difference is there between the
salt that you have on your dining table ( Na+Cl–) and any other salt? None whatsoever. The salt above is
just more complex than (but conceptually no different from) table salt, NaCl.
BDAC can easily be obtained by reacting Nitrobenzene with “Nitrous acid” (HNO2) – but nitrous acid is
very unstable and decomposes very quickly, therefore the nitrous acid has to be made and used on-thespot (the Latin phrase that is often used is ‘in situ’) by reacting NaNO2(aq) with 2HCl(aq) and we would
thus get
at 5˚C
C6H5.NH2 (l) + NaNO2 (aq) + 2HCl (aq) –––––––> BDAC + NaCl (aq) + 2H2O (l)
and certainly at < 10˚C
NB Please remember that in Organic Chemistry it is permissible to omit non-organic products in reaction
equations (and that is why Organic equations sometimes do not balance).
Textbooks quote different temperatures ranging from 0˚C to 10˚C, and one of the reasons for keeping the
temperature down is that Nitrous Acid is unstable and decomposes at higher temperatures – and it is the
Nitrous Acid (HNO2) that is being made in situ and is being utilised as soon as it is made. The table
overleaf shows the process of creating the benzenediazonium chloride (BDAC) diagrammatically, but
please remember that I have told you that the positive charge is on the N atom that is closer to the C6H5
species.
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Source: BDAC researchgate.net Module 7

The Fourth stage (coupling BDAC to the species required to form the end-product)

The only thing left to do now is to join the BDAC to the appropriate species that will give the required
end-product. Phenol is obtained through the hydrolysis of BDAC, but as it happens, BDAC is the
intermediate for most of the dyes that I know.
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“Aniline Yellow” was one of the earliest dyes to be made in modern times6, and let us now create it i.e.
“4-(phenylazo)aniline” or “4-phenylazo phenylamine” yellow, C6H5.N=N–C6H5–NH2. To get yellow
C6H5.N=N–C6H5–NH2 we need to react –C6H5–NH2 with C6H5.N+=N–Cl– , in mildly acidic
conditions, and then we would get
aniline yellow

Source: Researchgate.net
The reaction would take place over about 20-30 minutes.
From BDAC it is possible to create a large number of different substances. I do not know who created this
info tree (it is not one of mine), but “diazonium chloride” is better called “Benzene Di-Azonium
Chloride”.

Source: Unknown
Depending on your personal belief system, Homo sapiens came into being with or without Divine intervention in
the Rift Valley of Africa about 200,000 years ago, and dyes (chemicals made for colouring purposes) have been
made by Man for literally tens of thousands of years. Rock paintings have been discovered that were made by early
man as long as 50,000 years ago. As human beings evolved, they travelled from the Rift valley in Africa across what
is now called Saudi Arabia/Iraq/Iran/and India, and from there they (i) went down to Australia or (ii) went up and
West into Northern Europe or (iii) went up into the Far East/China/across the Bering Straits/into North America/and
then down into South America – and rock paintings have been found in ALL these places. Type “Rock paintings,
Bradshaw” into the search engine of your computer and you can read about some of these discoveries.
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• To show you just how useful BDAC is, I will now show you how you can use it to create a number of
different dyes. The diagram below is by Bhupinder and Manju Mehta.7 In the diagram below, “p”
stands for “para” as in ortho/meta/para (or numerically positions 2/3/4 on the Benzene ring), and the
capital “N” represents the Nitrogen atom in the phenylamine/aniline.

In the post-2015 ‘A’ Level Chemistry exams you are often asked about the synthesis of complicated
molecules, but you are not expected to know anything about the complicated molecules themselves!
All that you are expected to recognise is that the complicated molecule is an Alcohol/or a Phenol/or
whatever, and then you are expected to remember the steps involved in going from Benzene to a Phenol
(or whatever).
One last thing that I will cover is something that used to be asked quite a lot in the olden days and could
come up in the modern exams viz the acidity of Phenol.
Phenol acting like an acid
Under Arrhenius’ definition, anything that dissociates a proton is an acid (but please remember that the
Brønsted-Lowry and Lewis definitions develop the idea of an acid beyond Arrhenius’ simple definition –
cf. Chapter 45 of the First Year Foundation book).
All Alcohols act like very weak acids, but the +M effect in Phenol means that because some of the
electrons in the O atom of the ‘OH’ species in Phenol are locked into the π ring of the ‘–C6H5’ species,
then the grip that the O atom has on its H atom is slightly lessened and the H atom is thus slightly more
easily released than it is in a straightforward alcohol. This means that Phenol acts as a slightly
stronger acid than does a standard Alcohol. The next slide shows this – and please remember that the
smaller i.e. the lower that a pKa value is, the stronger is the acid: low pKa ⇒ low pH ⇒ strong acid.

To show you just how ignorant we in the West are (or perhaps I am), I cannot tell you whether the authors are
males or females! Is that not sad. Mind you, on occasions I have been addressed by foreigners as “Mr/Dr Agnes”
(and Agnes may be more familiar to foreigners than “Angus”) so perhaps all of us human beings are woefully
ignorant of each other’s cultures.
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Ethanol

Phenol

Ethanoic Acid

Hydrochloric Acid

Source unknown
Please note that here we are dealing with “pKa” and not pH!
I am not at all happy with the examiners asking questions about dangerous substances, but they do ask
such questions, so let us next talk about 2,4,6-Tribromophenol (TBP).
In a non-polar solvent such as Carbon Disulphide or Tetrachloromethane (which is also now considered
to be toxic, and is thus no longer used in dry-cleaning), Br2 will add to Phenol at positions 2 and 4 to give
Di-bromophenol, but Phenol will react with Bromine water (Bromine dissolved in Water) to give 2,4,6Tibromophenol (TBP). If you are asked in the exam (and the question was asked by OCR in June 2014)
for an equation for the formation of TBP then you should just draw

Source: Bristol University

Professor Andrew Orr-Ewing, FRS went to Challoner’s Boys and then to Jesus (Oxford) and is now
Professor of Physical Chemistry at Bristol.
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