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Some Amazing @layrooms of Chemistry
Christien Strydom

As often the case with fumanity, we get so used to that which is before us, that we forget to
upprectate 1. I hope to rekindle w my fellow chemists w the audience the awareness of our
amazing playing fields and to mtroduce non-chemists to some wonderful concepts w a chemist’s
wo

Corntenis

1 Chemists’ toys

2. Size of chemists’ playrooms
3. My chenical playrooms

4. Closing remarks
1 Chemists” toys

A chemist’s world is made up of atoms, molecules, efectrons, bonds,
redactiwons and refated matter. 7o get un idea of what these “toys” are,
we start with Lhe theones of Democritus, who fived bet ween 460 and
360 B.C. Je was a phifosopher/scientist who theonzed that afl
matter was made of indrvisible particles. J{is theory was based on
logical reasoning as pfilosophers or scientists in his fiving days
befieved one could reach the truth by pure fogical reasonng.

Democntus
http./fchemsue borfis ner/Atomc ] ieory/demogretus. him

Aristotle (384 BC ~ 322 BC) was also a Greek philosophier, a student of ®lato and teacher of
Alexander the Great. Jle wrote on drverse subjects, wicluding phiysics, metaphysics, poetry, logic,
politics, government, ethics, biology and zoofogy.

Aristotle’s theory was that these “indivisible particles”™ of
Democritus consist of four basic elements: Fire, which is
hot and dry; Tarth, whh 1s cold and dry; Air, which is fot
and wet and Water, which is cold and wet! Tach of the
Sfour earthly elements has its naturaf place; the earth at the
cenlre of the untverse, then water, then ar, then fire. Wien
they are out of their naturaf place they have natural motion
towards that place; so bodies sink_in water, air bubbles rise
up, rain fafls, flames rise in the air.

Anistotle

htip:ffem wokpedua. org/wiky Trustot fe
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Thomas Young (1773 — 1829) an English physicist, performed experiments to tnvestigate the
‘wave-like nature of ight. s double sfit experment to show interference pattenis of light became
a comerstone in fater theoretical developments of the properties of fight and energy. Sunlight is
sent through a small hole to obtain a diffracted coherent wave, which is then pa::etf through two
small sfits. Bright and dark_areas show up on a detector

screen as constructive and destructjve interference occur.

Thomas Young's Double Slit Experiment

Screen with i
Single Slit | —Sunignt Figure

Diftracted

Screen with Coherent
Two Siil: Spherical
avelront

Line of
aves
Out of Slep

e e kg
P

Deteclor Screen  Dark Bright  Interference
Fringe Fringe Fringes

Thomas Young

Lo, magnet, (5 edu/promeryjane

fitep:

William Thomson (1824 — 1937) envisioned the atom as a sphere with a unformfy distnbuted
posittve charge and  embedded within it enough
electrons to neutralize the posittve charge. Later he
infiented the title as Lord Kelvin for fis work,
regarding the temperature scale.

Lord Kefvin Thomson's atomic structure

littp. //plrys strath. ac. ke fimages/hutory

Emest Rutherford (1871 ~ 1937) refined Thomson's model of the aiom as & uniformly distributed
substance after iis famous gold-foil experiments. When auly a few of the alpha particfes in a beam
directed at a gold foil were scattered by large angles after striking the foil, Rutherford kpew that
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the atom’s mass must be concentrated in a tiry, dense nuclews. Je thus envisioned an atom to have

a small nucleus with most of the mass concentrated in it and
much fower mass efectrons moving around the nucleus. He
received the Nobel ®rize for Chemistry in 1908.

Eruest Rutherford
bty ffnobelprize ong/nobel_przes/chemutoy/lasreates/ 1 08 rutherford

b el

From the early 1900’s onwards giant steps were made in the development of the theories behind
atomic structure, with the fikes of brilliant scientists such as Max Planck (1858 — 1947), Albert
Tinstein (1679 - 1955), Niels Bofir (1885 — 1962}, Louis de Broghe (1892 ~ 1987) and Werner
Heisenberg (1901 - 1976) at the forefront. Planck studied black, body radiation in 1897 and
discovered that at very short wavelengths it did not obey the known laws at that toue. In Lrying

to understand this, Planck ran into an “uftraviolet
catastrophe” A bluck body would give off an mfinite
amount of energy at the ultraviofet end of the spectrum.
That was wmpossible! In what fhe called ‘an act of
desperation’, Planck proposed that, contrary to classical’
wave theory, matter emits and absorbs radiation in Liny
discrete packets or bundles called “quanta” — not
continuousfy, “as should be the case’. Initially Planck,
was not comfortable with this explanation and expected
the idea to be disproved. Instead quantum theory, which
gained Planck the Nobel Prize for Physics m 1918, was
used by Albert Twstewm to explain (1905) the
photoefectric effect and by Niels Bolir n 1913 to propose
a model of the atom with quantified electronic states.
Louis de Broglie proposed in his doctoral thesis that not
onfy are waves partucles BUT particles are also waves.

ptical com/bh_rad/mplan.

Ittp: e ele
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Max Planck and Emnstein

@ofir published a model of the atomic structure in 1913,
introducing the theory that electrons travel in orbits around the
atom's nucleus, with the outer orbits containing more electrons
than the inner ones. An electron can also drop from an outer
orbit to an inner one, emitting a discrete amount of energy,
called a photon. He received the Nobel Prize for Physics i 1922
Sfor developing the Copenhagen interpretation of quantum

mechanics. bt

S, iternet gucyclopedu. orgy mdey. php Manchester

Niels Bohr
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One of Bolr's most_famous students was Wemer Heisenbery.
His uncertamty principle of 1927 states that the
determination of both the position and momentum of a
particfe contains errors, the product of these hemg not less
than a known constant. He received the Nobel Qrize for
plystes w 1932, Nuclear fission was discovered in Germany
in 1938. Hersenberg remained in Germarry during World War
I, working under the Nazi regime,where he was invofved in
Germany's nuclear weapon program, the extent of which was
a subject of controversy in the science community.

finip e mternet-encpclopedus org) mdey. php/Vermer_HWeise

Werner Heisenbery

Schemataffy the devefopments thus far can be summarized as i the foflounng figure:

O o &
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et
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Albert Einstein

e e el -en

Albert Einstein (1879 - 1955), a physicist and
mathematician made major contributions to the
development of quantum mechanics, statistical
mechanics and cosmology, and is regarded as the
most important physicist of the 20°% century. In
1921 he recerved the Nobel Prize for Pleysics. A
untt used wm photochemistry was named after
fim. An einstew is equal to Avogadro's number
times the energy of one photon of light. The

chemical element Einsteinium is also named in

dlat. o,
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To understand some of the research that we are involved in, we need to consider the description of
an atom in more detasf

In the nucleus are protons and neutrons, and efectrons
- move around W in specrfic areas we call orbitals.
However, as was indicated, these “orbuals” are not afl
sphenical, but fave different shapes in the three
dimensional space. Some of these orbitals for a carbon
atom are shown in the next figure.

A grain of sand 1s a thing, but an atom cannot be
pictured as a thing. ‘We need Lo view subatomic
particles as tendencies or probabilities to be in a
certac area of space. On the subatomc level mass
and energy cannot be sepurated, the one becomes
the other. Consider the p-orbitals of a carbon
atom. The electron clouds or electron densities are
deternuned as standing waves and present the
potentul or probability of finding an electron
(energy) in a specific space around the nucleus.
Tlectron clouds are mathematical concepts onfy —
it cannot as such be measured — but give us the means of calculating the energy of an electron.

The Uncertatnty principle of Heisenberg
states that ‘we cannot Enow both the
position and momentun of a particle with
absolute precision. The presentation of the
chemical adrenalin indicates how we view
the three dimensional space occupation of
a molecule To mdicate the different atoms
and bouds i molecules we usually use the
ball-and-stick method as for kyesol w the
next figure.

, b
Adrenafin k
LSl L
Kresol G ? <
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Chemicafl reactions occur when bonds break and form. Consider the reaction;
N0; (g)— 2NO(g)

°

Essentially, a chemist’s toys are these molecules. ‘We study how, when, under what conditions,
which, how fast or sfow, with what implications, etc. these reactons occur. We also use all kinds
of tools, instruments, apparatus and laboratores.

2. Size of chemists’ playrooms

To give an idea of the incredible small particles that are the essence of a chemist’s ‘work, we can
start out gawng the apposite direction by considering a feaf and wicreasing our distance from it m
orders of 10. At a distance of 1 (10°) meter from the leaf we will see a bunch of feaves, at a
distance of 10 meter we will see the forlage, at a 100 meter distance a bush and mrrmm‘ﬁngs
Increasing the order to 3, that is 10° or 1

Kifometer we can jump with o parachute WO ¢ 4r ok indicated
to the feaf, at 10" m or 10 km large distance of 1000 km
aircraft carviers travel and cities are y

visibfe. From 107 m (100 km) large areas
or smafl countries are visible and at 1000
km the typical picture would be that
from a sateffite. At 107 m or 10 000 km,
most of the earth will be visible and at a
100 000 &m the whole earth as a baff.

At 1 million km from the leaf, the earth
as a small bafl with the moon moving
around it can be percerved and at 107 m
(1 000 wmiflion k) the orbits of Mercury,
Venus, Mars and Jupiter can also be
Sfollowed. At a distance of 10 m from
the feaf our solar system fits into our view. A distance of 10 m above the leaf refates to
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approxunately one fight year; thus the distance fight would travel at its speed of 3 x 10° m/s in one
year! At this distance the sun would look like a distant fyghtbulb.

From 107 m (1000
light years) the milky
way fills our view and
at 1072 m or a million
light  years, galaxies
appear in our view. 10
million fight years from
our initial  perceived
feaf, the  galaxies
appear as small spots in
our view and large
“empty” spaces meel
our eye. And stl we
can go  further,
revealing the incredible
immensity  of  the
unrverse.

Milky way and other galaxies with
indicated 1027 meter. Total view is
1 mullion fight years wide!

Returning to our feaf
lel’s start w the same
way to travel wio the
smaller distance
domaw. Consider again
the bunch of leaves at 10° m, that is 1 meter. Al a distance of 107 m or 100 cm, the detail on the
leaf becomes visible, at 107 m or 10 cm, structures are even clearer and at 10% m or 1 cm, cellular
structures fill our view. At 107 m the cellular structures can be differentiated from one another,
even more so at 10% m and 105 m or 1 micometer, where the nucleus inside the cefls may be
percerved.

Chromosomes become visible at 107 m, DNA at 10% m and at 10° m or 10 Angstrom large blocks
of molecufes are seen. Finally we have reached the realm of chemistry! Similar to our view at 10° m
above the leaf, within a distance of 1 A (1079 m) an
dtom .rl’zCII as carbon is perceived -1.m'LIj1 the electrous Carbon atom with

as a “cloud” around !ﬁe. sall m.w..rlﬁk nucleus. indicated size of 14
Carfon atoms form the basis of our ltving world.

The resemblance between the micro- and micro
cosmos s amazing! AL 1072 m, we have travelled
inside the enormous space between the electrons and
the nucleus and the nucleus is perceived as a small
ball in the middle, revealing more detail at 104 m.
At 1 femtometer (105 m) we have travelled into
Sield of scientific smagmation as we should observe
protous.
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3 My chemical playrooms

Chemistry is an extremely diverse field including huge industnal set-ups, such as SASOL ‘s coal-to-
Suel plants, and small ultra-clean laserchemistry rooms. It gives me pleasure 1o shortfy describe

how I entertamn nryself in these two chemical playrooms.

Coal gastfiaction

Coal 1s a compact black or dark_ brown carbonaceous rock, consisting of layers of partially

decomposed plant and vegetable matter.

PERIODIC TABLE OF THE NATURALLY OCCURAING ELEMENTS
?He
¥ i e L 0
B|C|[N|O]|F]|Ne
WS s o
o . - i i [ 3 | oo
W ELANNEE : P T 5 %
V | Cr n| Fa COINI}{JU Zn GajGu_As 'Se | 'Br | ke
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Nh'iMn Te | Au | Bh | Pd | Ag .C" | | Sn| Shj| Te) |} IXE
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fitepe i/ pubs wigs geny/circ/cd 14

The 76 elements found in coal are highlighted by colours with regard to their general abundance
coal: blue, major elements (generafly more than 1.0 percent present); red, mnor elements (generally
greater than or equal to 0.01 percent) and yellow, trace elements (generafly fess than 0.001

percent) Clearly it is a very complex material.

During burning or combustion of coal, energy is released by the reaction between carbon w coal

and oxygen. This forms the basis of the energy production processes.

f Steam
Enery form +nd (0
[ p—
coal Coal |
in =
High- g etcurs tleam
Grener alor " =" = —_—re — ~
e | | | - Boller
" "
- | | —— Steam turbine e
Blocrical Sl T’
power | I J
- e Cooling towsr i =3
= with waler i =y
| drench systam k. ) l |
Low-preciirs S i
Seam O o e | =
== [r— by cacking
| relurned to
the bedlar 10—
i cool it down
Heal-@xchanger - deam. — 0, aparated Watar Is pumped 0 for
& comorted lowatar i from air up L bailer dispocal
hrtp: /e nin na/genring /206 (e /Suveden it m
Inaugural Lecture: Prol CA Stiydom Page 8 of 15

12 Oclober 2007



Afthough extremefy

tmportant to

sustamn the world’s

econonty ‘with

ewergy, i 15 4

Renewabli (hydro, wind, solar, bie) process during

World 0{ @ Muclear which enormons

Energy Caal amounts of “black,
Use (EJ) @ Petroleum

8 el gold”  are  burnt

away.  Predictions
are that the use of

o, A

2050 2075 2100

Year

SASOL is the world’s leader in benefictiation of coal to produce vanpus needed chemical
substances. They produce petrof, diesel and other chemicals profitabfy from coaf and naturaf gas
using Fischer-Tropsch synthesis.

Our interest 15 specifically
in what happens durng
the gasification process of
coal For instance, fiow
does sifica, which s a
sofid at afl the operating
temperatures, happens to
show up in fumes that
eventually  accumulate
outside Lhe reactor?

Gasicanon-Basen Svswam Concerns

Targtalon | e

hitp:)

benta

Mefalui-

Cpasfikasi-( 2-Habisd st ol

Our atm is to answer guestions such as the following: Can it be that Silica (Si0; ) is reduced to
SiO, then oxidized back_to Si0; n the gas phase, wich condenses as soon as it forms? $i0 1s
kyown to be volatile at the operating temperatures. Tomeczek, J and Palugueol, 1 (20020 Fuel 811251

1235 Mo the conditions mside the system drive these reactions or are there other species invofved?
How can we controf or reduce the process? These molecules fefave as humans — some “like” each
other and some not, and sometimes they change thewr “minds® — especuafly if the environment gets
cold or fot! Our very smafl playmates certainfy can at times eniertain us tn unpredictable
behaviour,

Femtochemistry

Femtochemistry is in essence a branch of photochiemistry, where plotons or beams of fight are used
to wvestigate or induce reactions. In contparison to actrvation by means of heat, the fact that fight
is being absorbed in order to activate a mofecule, aflows for the sefectivity of activation and afso
the aifity to inuiate reactions even at fow temperatures and i afl phases.
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To get an ided of the size of this chemcal playroom, we consider the size qf.rma[f molecules and
compare that lo the “size” of photons or packets of light. Small molecules or the parts of molecules
that we would like to use are approximately 2 to 10 A in diameter. A plioton of lght travels at the
speed of fight, 3 X 10° m/s0r 3 X 1018/ /5. Associating the wavelength of fight with the “size” of a
photon, the blue light phioton has a diameter of approximately 4000 A. The time it takes a blue
(ight photon to pass a point w space is thus roughly:

d _ 4000 _ s

v 3x10"®

An electron moves with a speed of approximately 106 Afs, thus approximately 10 in 1075 5. This
gives the maximum interaction time between a photon and a bond in a molecule as in the order of
1045 5. For us to follow and to controf the processes we thus need to be able to work in ths

extremely small time domain. 1076 s is seen as the fower {imit of chemical processes. ‘Turro, N.j.
Madern Molecudar Phatochemustry, Unreersity Seence Books, 1991, po

Femtosecond resofution (105 seconds) is the ultimate achievement for studying the dynamics of
chemical bond formation and freakage on an atomic level The movement and thus dynamic
characteristics of nucle can be followed The time scales for chemical, physical and biological
changes are summarized very well by Alimed Zewai (1946 - ) who recieved the Nobel Prize in
1999 for liis studies of the transition states of chemical reactions using femtosecond spectroscopy.

Atamic Resalution
Single Molecule Mation

Transition States &
Reaction Intermediates

IVR & Reaction Products

10410 gt qo12 qg13 0 qo1d 418

Radicals

Spectr.
&

Reactions

Zewath, AN, L @lvgs. Chem, {20008 T4 (24), 5660 - 5604
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One of the reasous for Zewatll's achievements to use a
Sfemtosecond faser to study and induce reactions, fies in the
incredible short timespans that his research asks for. As described
earfier Heisenberg recevved the Nobel prize for is work regarding
the wncertainty n sunultaneously determining the position and
momentunt of a particle, such as an efectron. Hesenberg’s
uncertainty principle states that it is not P
possible to exactly know the posttion and ApAx > iy
energy of an electron. As explamed, this is the 2r
reason beliind using efectron clouds to show h
possible (probable) positions of electrons AEAL > vz;r_

around a nucleus.

chi

As we would fike to measure and mfluence reactions
within femtoseconds, the uncentainty in time

measurement is needed to be fess than say a .-"--.
Sfemtosecond; thus At =10 V5. The atoms and bonds Lepesinss duslo

in mofeculzs vibrate fike bafls connected unth sprngs  Jrosd shrebctung ._____ .
and our aim is to activate one of these bonds [ANICOTIACEAg

(springs) A bond absorbs energy by taking up a | 4—0—m

spectfic photou of fight and starts to stretch further, .---.

which may lead to breakmg of the bond.

ittp /e chemguide. co.sek fanalyss/in/background fitm!

The energy of a typical vibrational excitation of a single mofecufe s approxumately 1020- 107 J.
We would fike to be able to differentiate between excitations within this enengy scale, thus the
needed uncertainty in energy s approximately 102°7. Going back to Hewsenberg’s uncertainty
principle, we calculate the last part of the equation to be 1.0545 X 10747 5. AEAL 15 1077 7 5, thus
too siwall and we will thus not be able to make accurate time and energy measurements! Zewad
sofved this problem by introducing “colerent activation”. “cuud, 13 ) Vs Chem 120600, 104 (24

Hisll — 694

e Coherence is generally prownded by (a) the well-defined
i Y , inilfaf, -equlﬁﬁn'um (lll!figllrﬂlwn of the molecules before
Bi wave packnt || excitation, (8) the ‘instantaneons” femtosecond
= faunching and absorption of the packet of energy and (c)
by the closely spaced spread of energy levels imto which
el | the molecules are actvvated. Consider the vibtarional
& | | evergy fevel 0, for which the energy 15 exactly defined,
& : W thus AE = 0 The wave Sfunction (p(nt)) spreads over
the allowed region of space and thus the positions of the
- wibrating atoms cannot be known. The position
( [ | probabifity density, \qp(r,t)2, is independent of time as
its sofution no longer contains the temporal phase part.
Thus  from Heisenberg's uncentainty principle, the
saskin, et ol 4 chem | 070%als and’ thus sizes of molecules i the varnous
P st 200 (61 737 wibrational states, wifl not change with time and can be

1 l cafcufated.

i Distannce | A

Cofterent activation of I mofecufe
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The wave function of a single vibrational state is
tht

y(r,)=w(re

Resulting i the position probability density or orbital to 62 mzﬁ’pem{enl of time:

Wl = et <l

When a simple diatomic molecule such as I, that vibrates w a harmonic potential well, s
coherently activated into a small spread of higher energy levels (n=16 to n=20 w the figure), the
wave functon of these combined actrvated states of the molecules is grven by:

wlr)=Yew, (e’

The energtes of the various levels are given by the T, values and the relative distribution between
the states by ci The position probabifity denstity (ppd) in this case is given by:

P ) =| Sew (e {Z%(r)e '}-f"

In this case the ppd is no longer time independent and an osciflation between the boundunes of the
potental well thus average distances of the separation of the atoms wm the molecules, can be
Sfollowed as a “wave packet” or energy packet. To get around Heisenbery's uncertainty principle,
the introduction of the small spread m energy values of the vibrating molecules allows us to follow
the average cfange wn bond distance as the molecules utﬁrate coherently.

faskin, L8 and Zewadd, 190, J ChemoEdl, (20N00) 78 (6

To explam how the dynamics of a reaction may be followed we go on to consuder the breaking-up
e ————————r | qf the I, molecule. The process s followed using a
“pump” femto second pulse to get the molecules
coherently into the activated stale, the actrvated

Probe state is further activated by a "probe” pulse after
1
Pump
6]
- == ) o—=xH
different femto second time delay perwods to
obtain the number of the molecules in the T, ——

first actrvated state .

Short pump pulse AT=70 f5 at 670 nm excites the I, molecules sinultaneously and coherentfy from
the vibrational ground state into several closely spaced vibrational levels i an activated state. A
probe pulse promotes the molecules into a higher wn-pair state. Fluorescence from this lugher state
is monttored as a function of delay time At between pump and probe pulses.
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Measuring the
activated state iv,

of I

Using femtochemstry as a toof to
synthesize compounds is many a
chemists’ dream. The means to
selectrvefy break and activate bonds
s the basis of this effort. We
consider as an example the breaking
of the HO-D bond in a wwater
molecule where one of the fydrogen
atoms is replaced by a deutermm
atom.

“i&_‘_*:'. 84 pm
orEs

. globalivarmmgar

mage Water Molecule_dor

A femtosecond infru red pulse is
used to activate onfy the HO-D
bond of the deuterated -water
molecule into lngher wvibrational
states. The actwated bond is broken
by a VV pulse that 1s aimed at the

mofecufes within a few femtoseconds time delay after the first pulse to avoud intramofecular
relaxation (1T} Quning IV, the energy of the actrvated bond is dissipated through the other
bouds in the molecule, resulting in the whole mofecule to become an activated species. 1T occurs

between a  few and
thousands — of  femto-
seconds after activation,
depending on the energetic
structure of the molecule.
The abifity to avoid 1T is
one  of the  major
attractions to use femto
second energy pulses as a
synthests tool

Kei

TALTU) 39/ BTN 1 1 f

As 21% century efectronics
is not able to measure
within - femto  seconds,
vanatious i the optical
path fength of the laser
beams are used to obtain
time resofution.

inaugural | ecture’ Prof CA Sirydom
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Timing is accomplished by generating
the pump and probe pulses from a
common source and sending ether
the pump or probe pulse along an
adjusted optical path. The path
fenght difference relutes to the time
difference as both pulses move at the
constant speed of light:
2.999792 x 10° m/s.

e, V0 Chem B,

This playroom of chemustry is still in
s baby shoes, but the future of

N
b

Fs probe

Ferilosecand

Fspump L asers

chemistry and related fields such as pharmacology will surely be wnfluenced greatly by further

developments and research..

4. Closing Remarks

Choosing to bnefly describe two playrooms as diverse as coal chemustry and femtochemistry might
seem ta be strange, but I have a spectfic aim m mind. As explained before, the world economy
largely depends on coal as a source of energy. ‘The energy producing processes produce large

amounts of carbon

M China
B United States

Cther developing countries

7 Other developed countries

* Biltions of tons of CO, emitted

over plants’ cparating livas

700 «

2

z

= a

B s00-
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2
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T e
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=
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Soutun Natutal Resources Defense Couwncl from forecats by (he LS, Encigy
Infoemation Admiristration ard the Iotmnatonsl Erergy Agency

dioxide, CO;. All the
world’s uses of coal
Jor
approximately 40%
of the CO; emitted
into the atmosphere.
The ncluded figure
shows the projected
fiew coal-fired
generating  capacily
up to 2030 (Clearfy
no  decrease  in
emitted  CO; is
envisioned! Combine
this  with  the
astonishing fact that
up to 34% of the
carbou initially in
coal is fost as COy!
My proposal i that
change

dccount

we our
question from fow
we can get nd of the
CO; to how we can
harvest the carbon
Srom it. Wuh newly

developed scientific technologies such as femtochemistry we might be able to contribute m breaking

bonds  and

W Y eepene nak eralinstorym

the then

it
1

L'dpluff

{naugural Leclyre’ Prof CA Strydom
12 October 2007

the

carbon  in  other

agl. com/QSI6ANSOG_fealure. litmf

beneficial  compounds.
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Very rarefy in science do we just stumble upon solutwns to
problems, we need to ask_the questions first. Downg some fateral
thinking, especially in the case of the problem of global warming,
may lead to suprising developments, such as that we may start to

consider the greenfiouse gases as vafuable resources!
CO; molecule

To conclude, chemists’ playrooms are both immensefy small, but within that space incredibly big. A
part of the well-known poem by Willum Blake in his Auguries of Innocence (1750} descibes it

beautifully:

“To see a World in a Grain of Sand
And a Heaven wn a WAl Tlower,
Hold infinity in the pafm of your hand
And Eterntyin an hour.”

M Deni, 1904

Hutter, Feter, "Lreryman 5 Yoetry ‘Williom Blake”, )

I hope 1 have made you aware of the amazing scence that we are tvofved w and that in nry
Sellow chemists’” I have touched the hearts of real schofars, who are afways mtngued by
understanding our reafity. It is a prvifege to spend my days with my chemical playmates)
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