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WHERE 'THINGS GO THE OTHER WAY": THE STEREOCHEMISTR Y OF
LEWIS CARROLL'S LOOKING-GLASS WORLD

Joanna Shawn Brigid O'Leary
(Rice University)

Abstract

In the opening scene @hrough the Looking-Glasglice asks a feline friend, 'How would
you like to live in Looking-Glass House, Kitty? lowder if they'd give you milk in there?
Perhaps Looking-Glass milk isn't good to drink?ic&l speculation regarding the
potability of Looking-Glass milk has long been cioiesed by chemists to be Carroll's
subtle reference tstereoisomersDiscovered by Louis Pasteur in 1848, stereoisorag¥s
molecules that contain the same number and kin@doohs but differ from each other in
spatial orientation. The stereoisomers of lacto€gH>,0:1) in milk exist as non-
superimposable mirror images of each other; thezefihe milk Alice would drink in the
Looking-Glass House is of the opposite three-dinmerad configuration than the milk of
the 'regular' world, and for that reason, Carradinders if the former might produce an
insalubrious, rather than healthful, effect. Whiteuch has been written about this
particular representation of stereoisomerisnilimough the Looking-Glasscientists and
literary scholars alike have failed to recognize plotential chemical subtext of the story's
other mirror images. In this paper, | will arguattimanifestations of stereoisomerism are
not just confined to the looking-glass milk sceaed that the ways in which Carroll
explores issues of doubling, inversion, and rebditsi in the 'mirror world' suggest a far
more elaborate contemplation of the implicationsst#reoisomers. Characters such as
Tweedledum and Tweedledee and Humpty Dumpty, tiemof 'unbirthdays', and even to
some extent Carroll's pseudonymity reflect the atghfascination with, and at times
anxiety about ,the idea of a dual chemical exisgeacworld in which every person, place,
and thing comprises two like yet non-superimposéies.

In the opening scene of Lewis Carrolfsrough the Looking Glasa,perturbed Alice
tells her black kitten that if 'she's not good dilg, Alice shall 'put [her] through into
Looking-Glass House'. And, 'how', Alice then abks cat, 'would you likehat?'1
The Looking-Glass House, as one might infer, refierslice's home as it is reflected
in the Looking-Glass, the house that is indilde mirror. Still dissatisfied with her
cat's behavior, Alice continues to goad her felinend with questions about the
relative quality of a Looking-Glass existence: 'Hawould you like to live in
Looking-Glass House, Kitty? | wonder if they'd giyeu milk in there? Perhaps
Looking-Glass milk isn't good to drink?' (p. 13B)Jice's statements may appear
initially to be merely innocent musings, but, likeany of the seemingly fanciful
features of Carroll's stories, this little speechs hmore serious, even darker

1 Lewis Carroll Alice's Adventures in Wonderland & Through the liogiGlass,ed. Horace Gregory (New York:
Penguin Putnam), p. 130. Further references teettitton are given after quotations in the text.
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resonances.

Literary scholars and chemists alike have longsicered Alice's speculation
regarding the potability of looking-glass milk aaréll's unconscious, indeliberate
reference to a certain type of chemical compousdadiered earlier in the nineteenth
century. Four years before Carroll was born, a @errscientist by the name of
Friedrich Woéhler noticed that the compound cyargmathough composed of the
same number and types of atoms as another compdulndnic acid, possessed
different properties. Such compounds, which haeatical chemical formulas but
vary in chemical properties, would eventually bbletiisomers2
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Figure 1: Isomers

Wodhler's 1828 finding was soon followed by simiigcoveries by a number of other
scientists, including Louis Pasteur, who in 184&terabout a particular type of
iIsomer calledstereoisomersmolecules that contain the same number and kofds
atoms but differ from each other in spatial oriéiota Stereoisomers are the multiple
physical forms that arise from one chemical formdke hydrocarbon o for
example, comprises two stereoisomeric foronsfwo-butene antranstwo-butene.

Some stereoisomers exist as mirror images of e#udr;othese compounds
have at least on@symmetric carborthat is to say, a carbon atom that is attached to
four different atoms or groups of atoms (see imhg®w). The presence of an
asymmetric carbon renders the stereoisomers nagrigyposable, and for that reason
they are often metaphorized as the 'left-hand"agiat-hand' versions of a molecule,
with one stereoisomer oriented clock-wise and therocounter-wise.3

2 A chemical formulaises numbers and symbols (€dgor oxygen andH for hydrogen) to describe a compound's
chemical composition (that is to say, the numbadstgpes of atoms it contains). For examplg)Hhe chemical
formula for water, contains two atoms of hydrogad ane atom of oxygen.

3 The orientation of a sterecisomer refers to whlicaction (clockwise or counter-clockwise) it rigta the plane of
polarization in a beam of light.
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Figure 2: Stereoisomers of CHBIrCIF

The stereoisomers of lactose 48,,0,,) in milk fit this description; therefore, the
milk Alice would drink in the Looking-Glass worldsiof the opposite three-
dimensional configuration than the milk in whatsteissay will henceforth refer to as
the 'regular' world.

While Gardner and a few other critics have casualiyed this particular
representation of stereoisomerism in the stagither science nor literary scholars
have embarked on a more comprehensive stereocHeamabysis ofThrough the
Looking-Glas#4 Furthermore, the criticism that does exist oa firevalence of
mirror images in the story does not recognize orregadily dismisses the possibility
of a chemical subtext. In this paper, | will argubat manifestations of
stereoisomerism inThrough the Looking-Glassre not solely confined to the
Looking-Glass milk scene, and that the issues otibtiog, inversion, and
reversibility Carroll explores through the 'mirnaorid' suggest a far more elaborate
contemplation of the implications of stereoisomé@isaracters such as Tweedledum
and Tweedledee and Humpty Dumpty, the notion dbiftimdays’, and even to some
extent Carroll's pseudonymity reflect the authdascination with, and at times
anxiety about, the idea of a dual chemical exisgeacworld in which every organic
substance comprises two non-superimposable, nfiorars, or as | will call them,
stereoisomeric doubles.

This stereochemical analysis will first exploree tauthor's relationship with
those sciences that most informed his conceptuigiizaf mirror images, chemistry
and optics. | will next examine the representatiamsl implications of doubles
(stereocisomeric and non-stereoisomeric) Tihrough the Looking-Glasdefore
moving on to consider how in light of the authoissues with pseudonymity,
chemical duality was particularly relevant to Lev@arroll (and Charles Lutwidge

4 Martin Gardner asserts that milk exists as steoagers but posits an incorrect timeline: 'it was until several years
after the publication ofhrough the Looking-Glaghat stereochemistry found positive evidence thgamic substances
had an asymmetric arrangement of atoifise Annotatedlice: Alice's Adventures in Wonderland & Througk t
Looking-GlasgNew York: Forum Books, 1960), p.183.
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Dodgson).

The Science of Lewis Carroll

As mathematics lecturer at Oxford and author ofesmvpublications on logic,
Carroll regularly drew upon these disciplines wipenningAlice in Wonderlanénd
Through the Looking-Glas<€ritics in turn have been ready and willing to expl
and accept the influence of the author's scholakgertise on the content and
construction of his work. But Carroll's academitenests were hardly confined to the
syllogisms or word ladders or the determinantscpfase matrices. His fascination
with gadgets, his fervid responses to vivisectiamd his opposition to anti-
vaccination campaigns certainly point to a susthimeerest and engagement with
other scientific disciplines, including, but notnited to, physics, medicine, and
biology.

In their critical treatment ofhrough the Looking-Glaskpwever, scholars still
seem to assume that Carroll had little to no kndgde of chemistry and, more
importantly, was virtually unaware of recent deyefents in the field. In his
annotation to the infamous milk scene, Gardneresrihat 'Alice's speculation about
looking-glass milk has a significance greater tQamroll suspected’, thus eliding the
possibility of a chemical component to the authmfsesentation.5 Likewise, science
critic Karen Schmidt's claim that 'the imaginatizewis Carroll cooked up the
possibility [that chemicals could come in mirrorage pairs]’, assumes that Carroll,
who was writingThrough the Looking Glas# the early 1870s, was ignorant of
Pasteur's work on stereoisomers done more thantywerars earlier.6 Although
Carroll was probably not intimately acquainted wile nuances of Pasteur's
findings it is very likely that he had at least a cursongerstanding of stereoisomers
given that his favourite (and most famous) pastieguired more than just a casual
familiarity with chemistry. Indeed, of all Carrall'amateur' disciplines, that is to say
those he did not pursue as a professional acadechiemistry figured most
prominently in the author's every day life becaassolid knowledge of its basic
principles was necessary for successful picturawpkAs a photographer, Carroll
developed film using the wet collodion process, chiequired careful and precise
mixing of chemicals. Thomas Hardwich's 188anual of Photographic Chemistry,
Theoretical and Practicaaccordinglycontains twenty-odd pages of instructions on
how to prepare correctly the nitro-sulfuric aciésdribing in detail how the slightest
alteration in ingredient proportions renders thegremprocess ineffective.7

5 Gardner, p. 183.

6 Karen Schmidt, 'Mirror-Image MoleculeScience Newd4,43 (1993), 348-35 (p. 348).

7 Despite its many challenges, the wet collodiarcess was heartily embraced by Carroll and ninétesemtury
photographers because it produced images thataleaeand delicate, and unlike daguerreotypesitefy and easily
replicable.
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The contents of Carroll's personal library at tinee of his death suggest that
the vagaries of the wet collodion photography prdpthe author to do further
research on the composition of chemical compoundstlaat in the process he read
about (perhaps not for the first time) the thedrisomerism. Carroll's science books
included William Thomas BrandeA Dictionary of Science, Literature, and Art
(1842); William Allen Miller's Elements of Chemistry, Theoretical and Practical
(1855-1857) in three volumeGhemical Physics, Inorganic Chemistayd Organic
Chemistry)and John SadlerAn Explanation of Terms Used in Chemigtt304)8
All of these books contain information on chemidabnding and compound
structures, but BrandeBictionary is particularly relevant for its entry adsomers9
While Carroll's ready access to these texts makhisely that they at least in part
served as the foundation for his scientific knowlkedthese books should not,
however, be considered the only means by whichaitmbor may have become
familiar with stereochemistry. The development ok tfield was contemporaneous
with the author's own science and mathematics éducandeed, the discursive
history of isomerism in many ways runs paralleCerroll's lifetime.

In the early nineteenth century, scientists gehetlabught that every chemical
compound had its own unique chemical formula. Hsisumption was based in large
part on the research of eighteenth-century schbéla#\ntoine Lavoisier, who in his
1789 Traité Elémentaire de Chimi¢Elementary Treatise on Chemistry’, translated
1790)described his attempts (mostly unsuccessful) terdene what he considered
to be the unique proportions of certain elementsanous compounds.10 In 1809,
Joseph Gay-Lussac improved upon Lavoisier's worklemical formulas when he
found that in the formation of water a certain vokiof gaseous hydrogen is needed
to react with a certain volume of gaseous wateiThe fact that volumes of
combining gases occurred in simple ratios confirrtiezl findings of John Dalton,
who one year prior had proposedArNew System of Chemical Philosophgt the
relative numbers of atoms of elements in chemicahmounds can be expressed in
whole number ratios. Both Dalton and Gay-Lussacemed of these atomic ratios
as differentiating one compound from another bdtribt consider that a single ratio
(as expressed through one chemical formula) coegtribe two different chemical
compounds. As previously mentioned, it was Friddigohler who arrived at this
conclusion in 1824 when he discovered his anabyfscyanic acid (chemical formula
HCNO) was identical to an analysis of fulminic a¢so chemical formula HCNO)

8 Charlie LovettLewis Carroll Among His Books: A Descriptive Catple of the Private Library of Charles L.
Dodgson(Jefferson, NC: McFarland, 2005), pp. 54, 210, 269.

9 'Compounds which contain the same elements isahee ratio, and yet exhibit distinct chemical dige, are said to
beisomeric.The cyanic and fulminic acids are isomeric compauaithitrogen, oxygen, and carbon. The distinctions
thus arising are probably referable to the differeays in which the same elementary atoms are gujfsic] in the
compound'. William BrandeA Dictionary of Science, Literature and Attondon: Longmans, 1842), p. 713.

10 F.J. MooreA History of Chemistry(New York: McGraw-Hill, 1918), pp. 50-2.

11 This finding formed the basis of Gay-Lussac's ‘tdwombining volumes' and was published in hisridé& on the
Combination of Gaseous Substances with Each Qtt#09).
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published a year earlier in the jourainales de Chemi@dited ironically by Gay-
Lussac). Author of the fulminic acid analysis Jssliebig initially accused Wohler
of falsifying his results, but through laboratomsting the former confirmed the
latter's findings. Neither Liebig nor Wohler, hoveeyvcould immediately say why
two distinct compounds with different chemical pedges contained the same
numbers and types of atoms.12 The correct exptamaame from Swedish chemist
Jons Berzelius, who in his 1832ahresberichit3 outlined how one chemical formula
could yield multiple structural arrangements ofnaso(isomers) and hence multiple
compounds with different properties.14 In 1848 t@aselaborated on this theory of
isomerism while giving a paper to the Paris Acadahpciences. In this landmark
lecture, he noted how racemic acid comprised twmegsyof crystals that under a
microscope appeared to be mirror images of eaddr.dtlpon further testing, Pasteur
correctly concluded that racemic acid exists as isooners, one that rotates plane-
polarized light clockwise and the other that radalight counter-clockwise. This
subtype of isomers would eventually be knowistaseoisomers.

Given that such theoretical developments were pudblicized in academic as
well as mainstream venues, Carroll, as a frequentributor to (and reader of) a
wide range of periodicals, probably encountereddtecept of stereoisomerism at
multiple points throughout his life and in a numlzdr different sources. Textual
references to mirror-image molecules may havealhytiattracted Carroll's attention
because of his fascination with looking-glasse&elmany Victorians, Carroll was
intrigued by optical devices as well as instrumeritgisual perception, and regularly
experimented with mirror reversals. To entertaimgelf and his young friends,
Carroll composed letters in 'mirror-writing' thaiutd only be read by starting at the
last word and reading to the first and drew funmgtyses that changed once turned
upside-down.15 The inspiration fdihrough the Looking-Glassas, in fact, a very
large mirror that sat above the drawing room fiaepl at Hetton Lawn, the home of
Alice Liddell's grandmother. After visiting Alicand her sisters there in early April
of 1866, Carroll may have fantasized about whathinigappen should one climb up
onto the mantelpiece and go through to other sidiesomirror.16

In imagining the mirror to be traversable, Carnotiposed on it one of the
definitive properties of another type of ‘glass'thwiwhich he was unusually
preoccupied, the photographic lens. The lens cathtweght of as the antithesis of
mirror, for whereas light passes through a lensemndrges "bent" on the other side
(refraction), it hits and bounces away from a mirrogflection). Refraction causes an

12 Soledad Esteban, 'Liebig—Waohler ControversytaadConcept of Isomerisndpurnal of Chemical EducatioB5
(2008), p. 1202

13 TheJahresberichtpr annual report on advances in the field of chesnasnd physics, was written by Berzelius and
published through the Stockholm Academy. From 1821848 Berzelius published 27 volumes of daaresbericht.
14 Henry M. Leicester and Herbert S. KlickstéinSource Book in Chemistry, 1400-190@mbridge, MA: Harvard
University Press, 1969), p. 264.

15 Gardner, p. 182.

16 Morton N. Cohenl,.ewis Carroll: A Biography(New York: Alfred A. Knopf, 1995), p. 96.
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object on the regular side of a lens to appeardepdown on the other side. For that
reason, the lens of the human eye produces anaigsian image; however, because
we are neurologically programmed to deal withghtdside up' world, the brain 'flips'
the image. Hence what we 'see’ is actually thenlsraB0O-degree readjustment.

The actual

ima What your eye .
"*—qi the eye sees the brain

H"-x__q__ ﬁf_,f"’fgﬁ:m d;L:
#// _ H-H‘HH,__ / ,‘V i

-

the final image

Figure 3: How We 'See'

As early as second century AD, Greek physician@ntbsopher Galen of Pergamun
recognized this disconnect between ocular input\asuil perception but could not
offer a precise mechanism for image reversal. Tilerition of thecamera obscura
around 1000 AD forged the initi@pistemological link between the eye and the
photographic lens and gave rise to further debatéo ahe neurological origins of
image reversal.17 The earliest prototype of theeranthe camera obscura produces
an upside-down image by streaming light througmalkhole in a darkened room or
box. Its impact on the development of visual theocaynot be overstated, for as
Christopher Otter notes, 'it affected the sciemtifnagination so greatly that by the
seventeenth century it had become the model foeyiee18 Accordingly, in his 1690
'‘Essay Concerning Human Understanding' John Loagklighted the connection
between human vision and photography by analogitregdarkened space of the
camera obscura to the human mind, into which eatemages of the outside world
must be conveyed.

What Locke notably did not address was the faat the images produced in
the dark room of the camera obscura (and by exiensithe human mind) required
neurological mediation as to register them 'rigdesup’. In 1601, Johannes Kepler

17 The earliest recorded construction and anabfsise camera obscura occursKitab al-Manazir,written by lbn al-
Haytham. This work was translated into Lati@bfectiva)in the thirteenth century. Nicholas J. Wade ancdi8ta
Finger, 'The eye as an optical instrument: frome@nobscura to Helmholtz's perspectitAgrception30 (2001) 1157—
77 (p. 1159).

18 Chris OtterThe Victorian Eye: A Political History of Light andsion in Britain, 1800-191(Chicago: University of
Chicago Press, 2008), p. 26.
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had argued in hidstronomiae Pars Optic@l'he Optical Part of Astronomyhat the
lens of the human eye projects an inverted imagtemuman retina, but it was not
until the nineteenth century that scientists adiaé a more precise understanding of
the sensory systems involved in ‘flipping' that gmaln 1809, Franz Josef Gall
proposed inRRecherches Sur le Systeme Nerv@esearch on the Nervous System
that all physical functions were localized withiretbrain and more relevantly, that
one of the three sections of the cerebral cortex rgaponsible for vision.19 Pierre
Marie Flourens further established in 1824 thahtsdgpends on the integrity of the
cerebral cortex when he showed that removal ofdigan in a bird causes blindness.
With the 1833 publication dflandbuch der Physiologiglements of Physiology20
Johannes Muller laid the groundwork for specifythg physiological link between
the eye and the brain by introducing the idea $leasations (sight, for example) are
associated with 'specific nerve energies'.21 Thothesis presaged later work on
the role of the optic nerve in transmitting infotia to the cerebral cortex.

The work of Gall, Flourens, Miller, and other stists have led many critics
to identify the Victorian Era as a time in whichtlbescholars and lay people were
uniquely interested in visual perception. R. SteW@mner notes that literature on
vision studies flourished during this period, grogvialmost exponentially between
the years 1840 and 1844 and 1890 and 1894. Jon@dugnhas further argued that
flurry of optical developments in the first half thfe nineteenth century gave rise to a
'visual culture of modernity' that involved new wagf seein@2 Central to the
development of this new visual culture were devidaesthe camera and the looking-
glass, which alternately replicated and opposedwtbek of the human eye. For in
contrast to the refracted, upside-down image preduxy the lens of a camera or an
eyeball, the reflected image produced by the miisoright-side up but reverse in
orientation.

Figure 4: Mirror-Image of Human Hand

19 Zola-Morgan, S., 'Localization of Brain Functidine Legacy of Franz Joseph Gall (1758-1828)hual Review of
Neurosciencel8 (1995), p. 365.

20 An English edition of Muller's work translateg William Bayly was published in London in 1839.

21 Laura OtisMdller's Lab(Oxford University Press, 2007), pp. 7-10.

22 Jonathan Crar{echniques of the Observer: On Vision and Modeiinithe Nineteenth Centu(Cambridge, MA:
MIT Press, 1990).
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Because, as Crary further argues, 'an analysissminvgives crucial insight into the
way Victorians constructed experience’, it is bimafto examine carefully why in
Through the Looking-GlagSarroll focused on '‘mirror' rather than 'lens’ ieag3 In
producing refracted as opposed to reflected imathesooking-glass provides an
opposite perspective to that afforded by the humgm and, in so doing, makes
available an alternate yet scientifically sanctneorld. Given that the contents of
this world are derived from and adhere to scientiipecifically, optical) principles,
the narratives that emerge from it can be consitlerere along the lines of science
fiction rather than fantasy. Writing about Lookifass people, places, and things
was thus both alluring and challenging for Carralho, as an author, must not and
could not rely solely on his own imagination to stiact the mirror world.

In Through the Looking-Glas€arroll's decision to privilege reflection over
refraction, the world of the mirror over the woid the lens is represented early in
text through Alice's choice of punishment for herublesome pet. 'When | saw all
the mischief you had been doing’, Alice warns tleek kitten, 'l was very nearly
opening the window, and putting you out into theveh (p. 128). Alice threatens the
black kitten with the frosty world beyond the wingobut when it continues to
misbehave 'to punish it she [holds] it up to th@kiag-Glass, that it might see how
sulky it was' (p. 130). As Alice forces Kitty tade her naughty self in the mirror, she
realizes the mirror, like the window, might serve a threshold and begins to
enumerate 'all her ideas about the Looking-Glasssklo(p. 131). The Looking-
Glass House, specifically the Looking-Glass drawiogm, is simultaneously foreign
and familiar to Alice, who knows that it is 'justet same as our drawing-room, only
the things go thether way' (p. 131). Her confidence in this assertiomes from
empirical evidence; having 'held up one of [herpk®to glass', she knows that in the
Looking-Glass world the 'books are something like lmooks, only the words go the
wrongway' (p. 131; italics mine).

Alice's conflation of wrong and other in this opening scene lays the
groundwork for the complex consideration that fakoin Through the Looking-Glass
as to the possibility that stereoisomeric doubt@setate with moral binaries. When
Alice steps into the Looking-Glass, she crosses mie a scientifically Other world,
one that mimics yet ultimately deviates chemic&lbm the regular world in a way
that is nonsensical, confusing, and 'wrong' toidats like Alice, but rational and
reassuring to its inhabitants who operate underifeerent set of rules and
assumptions. Cohen calls this world a 'mysteriglase’, where 'even the laws of
nature, law of gravity, for instance do not workilasy should', but this description is
misleading. Laws of nature are working the way thehould', but in the Looking-
Glass World, that way is unfamiliar and unconvemtio Because Carroll does not
believe there is a 'right' way in which laws of urat 'should’ operate, he uses

23 Carol T. Christ and John O. Jordan, 'Introdunctiim Victorian Literature and the Victorian Visual Imagition
(Berkeley: University of California Press, 1995) xg.
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stereoisomeric doubles, as well as the other Lapldtass people, animals, and
institutions Alice encounters, to disrupt her ahd teader's sense of order, balance,
and continuity in a way that causes both to rethiv@ir conceptions.

Two By Two In Through the Looking-Glass

Carroll's preoccupation with doubles (stereoisomeri otherwise) becomes quickly
apparent inThrough the Looking-Glassvhich begins, '‘One thing was certain, that
the white kitten had had nothing to do with it — it was thiadk kitten's fault
entirely'(p. 128). In emphasizing the singularifytlbis instance, Carroll implicitly
posits all else but this "one thing" as unfixed andeterminedCertainty is indeed a
scarce commodity ithe Looking-Glass Worldwhere things mutate without rhyme
or reason, or, at least, not with a rhnyme or reasawhich Alice is accustometiere,
however, certainty emerges with regard to the bleitlen and the white Kitten,
phenotypic opposites that represent an optical aotochy familiar to Victorian
photographers, scientists, and certainly to Lewasr@l. The visible light spectrum,
first experimentally produced by Newton in 1666s le its polar endghite and
black with whiteness indicating the presence of lighd &lackness, its total absence.

:’r:d

V)

L
|
[ s
— GGlass prism

Dispersion of While Ligh

Figure 5: Visible Light Spectrum

The white kitten and black kitten can thus be ader®d as symbols of light and
shadow, respectively, antithetical scientific phmeoa that are produced by shining
light through a prism, a triangular glass objedit trefracts light. In this way, the
black kitten and white kitten initially appear te lensrather thammirror doubles.

But the syntactic structure of this first senteasewell as the 'certainty' of the
black kitten's guilt suggests that the kittens rayigured as mirror doubles as well.
In separating one part of the sentence from therpthe dash serves as a syntactical
barrier; furthermore, because this barrier is aedraround the 'it' (the unravelling of
the ball of wool) and each part of the sentensgnmlar but not identical to the other,
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one might think of the dash as a figurative lookgilgss that separates thetual
from thereflected,the regular world from the mirror world. This syctiaal division
also explains why innocence and culpability areually exclusive in the case of the
white kitten and the black kitten. The plane of theror denies the white kitten
access to 'it', that is to say thetualball of wool, so the black cat must bastirely at
fault. Since as mirror doubles the cats literaiyicot share the crime, they cannot
share the blame.

The separation of the black kitten from the whiigek within the space of the
sentence likewise represents (or reflects) theysiohl separation within the space of
Alice's drawing room. As Alice points out, becaushite kitten had been having its
face washed by the old cat for the last quartearohour’, itcouldn'thave had any
hand in the mischief' (p. 127). Carroll's use afiesdoche here further supports a
conceptualization of the cats as mirror doubles, & previously noted, the
relationship between stereoisomers was regularliaph@rized as a set of human
hands, which are themselves non-superimposableomimages. Describing the
white kitten as having had no 'hand' in the midcisienot only amusing in its literal
physical disjunction (the cat really had pawin the mischief) but also suggestive of
the chemical subtext to the representation of thelsee doubles.

Although Alice's choice of punishment for the blakiten (reflection as
opposed to defenestration) signals Carroll's dewiso privilege the world of the
mirror over the world of the lens, the kittens tisetwes are neither exclusively lens
nor mirror images. Rather, they are liminal figtieend represent the space between
the two worlds. These doubles are similar in fuorctio another optical hybrid, the
Looking-Glass, which though opaque becomes momgntesinsparent upon Alice
fantasizing: 'Let's pretend the glass has gotdtl Ike, gauze, so that we can get
through. Why, it's turning into a sort of mist ndwdeclare! It'll be easy enough to get
through' (p. 131). With this literal and figuratitaen to the world beyond the kittens
and the Looking-Glass, Carroll leaves behind thédvof the lens, that is to say, the
regular world, and shifts to examining doubles tha exclusively stereocisomeric
mirror images.

This transition is marked by the Looking-Glass nibate. When Carroll was
writing Through the Looking Glassgientists had not yet discovered the two isomers
of lactose, but the idea that this compound (anegnsion, milk) might exist in
mirror forms was not lost on the author. Nor wase thossibility that because
Looking-Glass lactose 'went the other way' witharelg to the orientation of regular
lactose, the properties of the former would be réneerse of those of the latter.
Looking-Glass milk would be harmful, not healthftdrrible, not tasty, and therefore
not good to drink. In the twentieth century, sti&s would confirm Carroll's
hypothesis that a single compound may exist indgand 'bad' isomeric forms, most
famously in the case of the now banned drug thalide.24 With regards to lactose,

24 Of the isomers of thalidomide, one significaraligviates morning sickness and another causesisdsirth
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we now know that it does not exist as 'good' aad''isomeric forms. Both isomers
of lactose are digestible; thus, Alice's hesitartztion is incorrect.

That Alice ultimately refrains from imbibing the lkithat 'perhaps isn't good
to drink?', suggests that Carroll, at least idjamagined stereoisomeric doubles as
comprising 'good' and 'bad' forms. This idea thateson or thing can exist in two
compositionally identical but functionally differeforms (one helpful, the other
harmful; one good, the other bad) certainly did ooginate with Carrollfor dark
doubles and evil twin figures abound in nineteesghtury literature, witllane Eyre
and Frankensteinbeing salient examples. But what is innovativeyduld argue,
about the doubles that occurThrough the Looking Glass that their foundation is
chemical rather than psychological. While the ps{ahical double is most often a
fantastic representation of a character's repredssnles or unconscious emotions,
the stereoisomeric double is a specimen from adwvorlwhich alternate chemical
forms are unavoidable natural phenomena. As oppdsedeing a 'literary,
specifically fictional device for articulating thexperience of self-division', the
stereoisomeric double is a scientific, realistigide for expressing the experience of
self-alternity.25

Stereoisomeric doubles provided Carroll a meanswvhich to imagine and
explore a world in which each person and thingtegisn two chemical forms, each
with its own distinguishing properties. Carroll'scertainty about the implications of
such doubling is reflected in Alice's uncertainggarding the quality of Looking-
Glass milk. Although in this scene Carroll seemddéem one form of milk 'good' and
the other 'bad’, this characterization should invay be seen as the author's universal
judgment on mirror forms. The increasingly compech relationships between the
sets of stereoisomeric doubles that follow sugg€strroll understood the
ramifications of chemical duality, and indeed, hamduality, to be infinitely
complex.

Stereoisomeric Doubling in the Mirror World

Couples, pairs, and twosomes are frequent featur® world behind the Looking-
Glass, and one must look carefully for those daibthat are specifically
stereoisomeric in character. Some of Carroll's resfees to stereoisomerism are
subtle, as, for example, the brief mention in thieitd/Knight's Song. To comfort a
sad-looking Alice, the White Knight presents hethwa ballad, the last verse of
which includes the line, 'If e'er by chance | masifjueeze a right-hand foot / Into a
left-hand shoe / | weep, for it reminds me so /tl@t old man | used to know who
seemed distracted with his woe' (p. 217). Garddentifies the White Knight's

defects.
25 John HerdmarThe Double in Nineteenth-Century Fictiitondon:Macmillan Press, 1990), p. 2.
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mention of squeezing a right-hand foot into a keftid shoe as another example of
the sort of left-right reversal that occurs in theking-glass world.26 To Gardner's
observation, | would add that when Carroll emplessithe fear and frustration that
arises when one tries to superimpose the non-supesable (that is to say, the right
foot and the left shoe), he is imagining the peagfliving in a dual chemical world in
which one no longer could recognize the small diifees between two otherwise
identical objects, and, as a result, not understeémg one served a different purpose
than the other. With this reference to right-haedtfand left-hand shoes, Carroll is
also asserting that any determination regarding \ice or virtue of respective
stereoisomeric doubles may be context dependest.as the foot that is right proves
‘wrong' when placed in the left shoe, so too magHing-Glass milk prove harmful
when consumed by a regular girl.

A second, more extensive representation of stevemsac doubles can be seen
in Alice's encounter with the Tweedledum and Tweddé. Although they are nearly
compositionally identical in the sense that theisages and bodies are alike,
Tweedledum and Tweedledee are not clones. 'Almesvkwhich was which," Carroll
writes, 'because one of them had "DUM" embroidesechis collar, and the other
"DEE™. Alice then supposes that 'they've each"§@VEEDLE" round at the back of
the collar' (p. 159). As in the Looking-Glass mskene, Alice's musings signal
Carroll's imposition of a chemical subtext. If Teddedum and Tweedledee do, in
fact, have TWEEDLE embroidered at the back of tkelfars, then we can think of
the plane of the mirror separating them at theokbarendering them non-imposable
mirror images.

In addition to this material marker, an old songpalelates the stereoisomeric
character of Tweedledum and Tweedledee and helps Bhow which is which, for
as she recalls, 'Tweedledum and Tweedledee / Agteedave a battle; / For
Tweedledum said Tweedledee / Had spoiled his nee mattle' (p. 160). By
describing Tweedledum as in possession of a ra@éeroll implies his abilityto
rattle, a property Tweedledee, despite his extreme palysimilarity to Tweedledum,
lacks. Tweedledee's attempt to destroy Tweedleduaitle (rather than just use it
himself) represents the sort of anxiety and/orahsiort Carroll imagines may ensue
with the discovery of stereoisomeric differenceatthphysical and structural
identicality does not correspond to like behavicamd capabilities.

Tweedledum and Tweedledee's near battle over thiegmad rattle also
suggests Carroll was uncertain as to the tenaloititwwo stereocisomers occupying the
same space. Looking-Glass milk and regular milk east without conflict because
they are separated in their respective worlds kypilane of the mirror. However, in
the case of Tweedledum and Tweedledee, worlds Baeeningly collided; either
Tweedledum or Tweedledee has migrated from thelaedgo the Looking-Glass
world and dissension inevitably arises as theyadiscthey are not one in the same.

26 Gardner, p. 181.
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Although Carroll ultimately forecloses the posstibbf violent conflict by allowing
the crow to intervene as per the plot of the nyrskiyme, the threat that one
stereoisomeric double may dominate or destroy theratill remains.27

The most complex representation of stereocisomesitblihg can be seen in
Alice's interactions with Humpty Dumpty. Alice plwases the egg that grows to
become Humpty Dumpty from the shopkeeper Sheep,asigmally offers her 1 egg
for fivepence farthing and 2 eggs for twopencenoTare cheaper than one?', asks
Alice in response to this offer, to which the Sheeplies, 'Only youmusteat them
both, if you buy two' (p. 182). The fact that @mers in the Looking-Glass world
are financially incentivized to buy eggs in paias, well as instructed to consume
them in the same fashion, suggests the eggs a&wis@meric doubles. The eggs are
seemingly identical, but having only one half ofpair is a liability for the
shopkeeper, much like selling only left shoes wolédto a cobbler's detriment.
However, as opposed to Tweedledum and Tweedleds® chhafe against each other
and thus seem better off existing in the regulad dmoking-Glass worlds,
respectively, these doubles are designed to bpanskle.

Despite the shopkeeper's entreaties, Alice purshassingle egg, thereby
implicitly privileging one stereoisomeric doubleamthe other. But that egg, which
‘only got larger and larger, and more and more mjnsaon transforms such that it is
no longer one unified egg, but rather somethinggtdestined to end up in multiple
parts, that is, as Alice says, 'HUMPTY DUMPTY hinfige. 183). My name means
the shape | am', claims Humpty Dumpty, and indeed i$ correct, for the
orthographical structure of 'Humpty Dumpty' expesshis stereoisomeric character.
Identical in spelling save one letter, the two paiftthe egg's moniker, when oriented
around the plane of the mirror, reveal themseledsetnon-superimposable.

H-U-M-P-T-Y ! Y-T-P-M-UD
)
Mirror

Figure 6: Stereoisomeric Character of 'Humpty Dumpty’

Although Humpty Dumpy thinks his shape 'a handsoneg, he is not meant to retain
it, for, as Alice recalls, he is to have a 'gredt,fafter which 'All the King's horses
and all the King's men / Couldn't put Humpty Dumptyhis place again' (p. 184).
Here, Carroll appropriates Humpty Dumpty and theresponding nursery rhyme to
hypothesize that even seemingly singular persoudstlmgs eventually dissemble
into stereoisomeric doubles. Considering Humptynpty grew from one of a pair

27 'Just then flew down a monstrous crow, / Aslbi a tar-barrel; / Which frightened both the lesrso, / They quite
forget their quarrel' (p. 160).
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of stereoisomeric eggs, then even a stereoisonimuble has the potential to
generate its own stereoisomers.

Just before going to pieces, Humpty Dumpty providliegse with some advice
on aging, and in the process, invokes another Sedfteseoisomeric doubles. In
response to Alice's claim that 'one can't help gngwlder', Humpty Dumpty insists,
'‘One can't, perhaps, buwo can. With proper assistance you might have leftabff
seven' (p. 186; italics Carroll's). Alice subsedlyemterrupts Humpty Dumpty to
admire his 'beautiful belt', because, she thoutity had had quite enough of the
subject of age'. But Humpty Dumpty is far from §hed with his lecture, and simply
incorporates Alice's observation into his origitiae of argument about aging by
telling her that the belt was a present for hiditihday', which he defines as a 'day
when it isn't your birthday' (p. 187). As the reseerof a regular birthday, the
‘unbirthday' is very similar in structure to thethbday but by implication has one very
important distinguishing property: the power to anat reverse the effects of the
regular birthday. Furthermore, Humpty Dumpty'svpyas assertion thaevo not one
can halt the aging process suggests that birthdags unbirthdays, unlike other
stereoisomeric doubles, can in theory operate imbay to produce some beneficial
effect. But what is problematic and troubling abthus conceptualization is that one
stereoisomeric form (the unbirthday) exists in exte disproportion to the other form
(the birthday). The preponderance of unbirthdayamaenot that a person like Alice
would be fixed at seven years, but that she wogkl lzackward until she no longer
exists. As in the case of Tweedledum and Tweed|eGeaeroll here imagines that
when two stereoisomeric doubles occupy the sameesipeey are inevitably pitted
against each other in such a way as to cause an@edim dominate the other. In this
way, Carroll suggests a dual chemical world mayulienately untenable and that
some measure of segregation is necessary for seneeric doubles to co-exist
equally.

Stereoisomeric Doubling in the Regular World

The theory of stereocisomerism provided Lewis Camolh a scientific foundation
not only for the doubles in his work but also fbos$e in his own life. Indeed, the
idea of two-part self or 'double’ identity wouldvieaheld special significance for
Lewis Carroll, or Charles Dodgson as he was bdtewn to friends and family.
The reverend and mathematician insisted on kedpege two identities distinct both
to shield himself from unwanted publicity (he rejgey writes of his aversion to
talking to strangers about his books) and to maarties professional integrity.28

28 Dodgson's fear that reviewers and academicskwbe he wrote books for children might disregarsl hi
mathematical publications was not unfounded, fam& reviews of his serious books fell into thatestipial mode
when the writers linked the two names' (Cohen98)2
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The fact that Dodgson so emphatically denied he dragthing to do with
Lewis Carroll has led many critics to pathologize pseudonymity. Douglas Nickel
notes that 'several authors, beginning with Lardyféteed, saw in Dodgson's
discomfort with Carroll evidence of a split persitya29 Cohen acknowledges that
‘others have seen [in Dodgson]...a bifurcation, d daesona’, but dismisses such an
evaluation as 'a view easily disposed of'. The @atghreasons for keeping his two
identities separate and under control were ratiandl reasonable’, counters Cohen,
pointing out that maintaining a pseudonym was atgmortant so that children would
not be intimidated by Dodgson.30

But Dodgson's motivation to keep his two identitseparate may have been
based on science as well as reason. The greahgetggvhich he tried to isolate C.L.
Dodgson from Lewis Carroll suggest he regarded thetronly as separate but also,
more importantly, non-overlapping entities. He éwxkrything possible to establish
author and mathematician as mutually exclusiveirnatg unopened letters received
at Christ Church that were addressed to Lewis Ganal referring to the author in
third person in epistolary correspondence. Oneetbex wonders if and when
Dodgson began to read about isomerism he founcemichl basis for thinking that
one person could exist in two different chemicaihie each with its own professional
properties. Lewis Carroll and Charles Dodgson a@or may have been imagined,
are human stereoisomers, structurally similar yet-superimposable, each with his
own professional attributes.

Stereoisomerism for Carroll thus provided a neverstiiic foundation for a
much older idea: that any given person or thingl&axist in two forms. By
conceptualizing these two forms using theories hanaistry, Carroll innovated the
motif of the double, changing it from a literaryvitee to a means by which scientific
fact could intervene in an otherwise fictional éirre. Stereoisomeric doubles
therefore render the Looking-Glass world an altéveareality rather than an
improbable fantasy. As specimens from this scimatiify Other world, 'Unbirthdays',
Humpty Dumpty, Tweedledum and Tweedledee, and lmapkilass milk represent
Carroll's intense contemplation on the complex iogtions of chemical duality. The
diverse stereoisomeric doubles featuredlmmough the Looking-Glassomplicate
any assumptions that each set comprises a "goadi"aatbad" form and instead
suggests that each is suitable and appropriate@ntain space.

29 Douglas R. NickeDreaming in Pictures: The Photography of Lewis @dr(New Haven, CT: Yale University
Press, 2002), p. 27.

30 'If [Dodgson's young friends] saw him as a fasmman...they would grow shy and tongue-tied, andtarab
friendship might never develop' (Cohen, p. 192).
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