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Intreoduction: Chirality

m All biomolecules have to be of one hand, so
homochirality is a hallmark of life.

m Life Is based on L-amino acids and D-sugars
rather than the enantiomeric D-amino acids
and L-sugars. This broken symmetry Is now
believed to be a feature of fundamental physics

— a result of Symmetry-breaking by the

weak force, which makes one enantiomer
very slightly more stable than the other.



Introduction: Salam Phase Transition
Theory

m Salam postulated that chirality among the twenty:
amino acids, which make up the proteins, may be

a consequence of a phase transition which is

analogous to that due to BCS superconductivity.
Salam suggested a unigue mechanism whereby the

narity violating energy difference (PVED)
netween enantiomers might lead directly to a
nomochiral product. He surmised that there should
exist an abrupt phase transition at a critical
temperature T, causing a change in the chirality
from D-amino acid to that of more stable “natural™
enantiomer, the L-amino acid.




Introduction: Salam Phase Transition
Theory
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|ntroduction: Salam Phase Transition
Suppesed Experiment

1. Measuring differences of Specific heats .

2. Lower the temperature while measuring the

optical activity while polarized light is shone
upon a particular amino acid crystal. If the
polarization vector gets rotated, one may be sure
that the appropriate phase transition has taken
place.

Salam, A. Phys Lett B. 1992,288,153-160
Salam, A. J.Mol.Evol. 1991,33,105-113



|ntroduction: Previous work on this

suject

Figureau et al. conducted a series ofi experiments
to test the validity of Salam prediction. They

observed No changes of optical rotation 1N
solution after exposing both racemic DL-
cystine and L-cystine to temperatures ranging
from 77K to 0.6K for three and four days, thus
reported failing to validate PVED-induced
phase transitions predicted by Salam.

Figureau, A.; Duval, E.; Boukenter, A. Orig. Life.
Evol. Biosphere.1995, 25,211-217



Introduction: Inaccuracy: of

Previous experiment

m \We argue that Figureau samples were taken out of
the cryostat after the cooling period, then heated
and dissolved in HCI solution at room temperature
for measurement. Therefore, thelr observing no
optical rotation in selution only proves that Salam

phase transition is Not an 1rreversible
Process,

But It IS not a piece of negative evidence
while the transition Is reversible.
Moreover, their work only denied the

configuration change from D-cystine to
L_-cystine.



Experiment: Experiment Design

m |n order to study on Salam Phase Transition (T,
was predicted as about 250K), we have to measure
the optical rotation in crystalline aminoe acid
while the temperature Is very low. The variation
of optical rotation angle of crystal with
temperature I1s complicated causing by subtle
changes Iin molecular structure e.g. changes of
ability of certain groups (such as carboxylate,
methyl and amino group) to rotate. The angle
depends on chemical bonding and molecular
conformation as yet poorly understood way.



EXperiment: Characterization of samples

m [he powder ofi D-alanine, L-alanine and
DL-alanine were obtained from Sigma
Chemical Co. The amino acids single
crystals were well-formed crystals
elongated along the c axis, which were
grown by slow evaporation of saturated
agueous solutions at 4°C, then washed
with absolute alcohol, evacuated and kept
In a desiccator.



EXperiment: Characterization of samples

m [ he characterization of D- and L-alanine
crystals was performed by the element
analysis (C, H and N) and X-ray structure
analysis. It indicates that D-alanine and L-
alanine are pure single crystals containing
no crystalline water.



EXperiment: Characterization of samples

m [he crystal structures are orthorhombic with
the same space group P2,2,2,, Z=4, with
lattice constants a = 0.60388(1), 0.60344(5)
nm, b = 1.23670(3), 1.23668(8) nm , Cc =
0.58000(2), 0.57879(3) nm of D-and L-

alanine (300K), ot = =1y = 90°.



EXperiment: Characterization of samples

m [he rotation angle € of the D- and L- alanine
solution was measured on Polarimeter PE-
241MC with the wavelength of 589.6 nm at
293K. By using the formula of [o] = C / (LL+C),
the corresponding o values oft D- and L-
alanine were shown to be the same absolute
value and of opposite signs.




EXperiment: Apparatus

m Schematic diagram ofi the apparatus
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EXperiment: Measurement

m Linearly polarized light ofi wavelength 632.8' nm
from He-Ne laser source passes through a
transparent chiral material of lengthid that Is
located In vacuum temperature-control system.
The direct measurement of the polarization
direction of a light beam e.g. the rotation signal
must be converted into an amplitude signal with
the aid of a polarization-optical analyzer.
Wollaston prism Is a beam splitter that splits the
linearly polarized light beam into two component
beams polarized normal to each other.



EXperiment: Measurement

m Because the maximum sensitivity and
linearity off measurement are obtained by
adjusting an angle of 45° between the
analyzer and the initial plane of polarization,
the component beam intensities J, and J, are
measured vyitr) Wwo highly accurate
photodetectors oy adjusting the transenitiing
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EXperiment: Measurement

m [ he temperature-dependent optical rotation
angles of cryatalline DLL-alanine, D-alanine
and L-alanine have been determined from
230K to 290K. The crystals were pre-
located In the temperature-control
vacuum sets, and the beam intensity J, and
J, was measured by two independent highly
accurate photodetectors.



EXperiment: Measurement

m |llustration of optical rotation in chiral
material




EXperiment: Measurement

m Resolution ofi polarization vector through
Wollaston prism




Experiment: Calculation

m J, =J,cos?(45°%-p)=J, (L+sin2¢p)/2
m J,=J,c0s°(45°+p)=J, (L-sin2 ¢p) /2
mJ —-J, /) +],=sIn2¢
mp=1/2arcsin(J,-J,/J, +J,)

Here J, Is the intensity In front of the analyzer,
J, and J, Is the light Intensity behind the
analyzer, respectively.



Experiment: Result- DL_Ala

Temperature-dependent rotation angle ofi DL-alanine




Experiment: Result- DL_Ala

m [he pvalue was equal to 0.50° £ 0.10° (approeach
to zero) from 288K to 270K. It proves that DL-
alanine Is truly racemic. \When the temperature
continuously decreased from 260K through 250K
to 234K, the @ value was rapidly increased to
4.26° shown an obvious characteristic variation.
According to the Salam prediction, we may be
sure that a second order phase transition has
taken place around 261+ 1 K.



Experiment: Result-L_Ala

m [lemperature-dependent rotation angle of L-alanine
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Experiment: Result-L_Ala

m [he pVvalue was fluctuated in the range of
9.20°~ 10.01° from 278K to 233K and
shown maximum 10.01° at 260 = 1 K. |i
colncldes a onesa iransiton of e mocds
riagogred 1 E-alenine orocucing e sl
gea of outlcal rgiatiorn argle,



Experiment: Result_[D-Ala

Temperature-dependent rotation angle off D-alanine




Experiment: Result_[D-Ala

m In contrast, the g Vvalue ofi D-alanine was
obviously Increased from -9.09° (284K) at a
maximum —3.98°(263K) then decreased to —

10.37°(233K) appeared a parabolic
reversible transformation.



Experiment: Result

m |t demonstrated that a crucial form of the
transition temperature T, involved dynamical
symmetry breaking. The structures ofi DL_-alanine,
D-alanine and L-alanine belong to the
orthorhombic system, but the space group IS
P2,2,2, for the D- (or L-) alanine and Pna2, for
the DL-alanine, respectively. It is reasonable that
the optical rotation angle of DL-alanine ¢, Is not
apparently equal to the sum of D-alanine ¢, plus
L-alanine ¢
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Discussion: Optical Rotation

m Optical Rotation angle as a probe of
molecular chirality :

Based upon the present results we found
that a phase transition related with the
optical rotation change in D-alanine and
DL -alanine is existed as Salam predicted.



Discussion: Optical Rotation

The rotation of plane-polarized light by chiral
molecules arises from the difference in the
Index of refraction for left and right
circularly polarized light. The rotation angle
depends on chemical bonding and
molecular conformation.



Discussion: Optical Rotation

According to Quantum Theory:

The optical rotation parameter o, IS related to
the angular frequeney of the Incident radiation
(o) and the elements of the electric dipole and
magnetic dipole, which can be written down as:
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Discussion: Optical Rotation

m [Then we cani calculate the rotation angle as :

8T — Im {0 Lu ‘ Jiel ‘.r-:}-;-t ‘ 0} @
{'.IE:} : T‘ L J | § i

s T (e~ )

Here |0), |J) denotes the ground and exited state
wave functions in Dirac presentation, respectively,
and m;,=m;-yls the associated excitation
frequency. Here u and m are the electric and
magnetic dipole operators. N means the total
number of atoms In a unit volume. L denotes the

length of light pass, h Is Plank constant and c Is
the light velocity.



Discussion: Optical Rotation

This equation induced by Rosenfeld using
guantum mechanics shows that the interference
of the electric dipole and magnetic dipole
produces the optical rotation effect in optical
active medium. To perform this calculation on
alanine crystal, not only the contributions of single
atoms should be included, but also all the
chemical bonds and the molecular conformation
must be considered.



Discussion: Optical Rotation

m Freedman Model:

1. B. Freedman proposed a model via
vibrationally generated electronic ring currents
to explain the optical rotation effect. In the case of
alanine crystal, the C_—H stretch generates an
oscillating electronic current in a molecular ring,
adjacent to the methine bond, which Is closed by
hydrogen bonding. This oscillating ring current

gives rise to a large magnetic dipole transition
moment.



Molecular Ring 1n Alanine




Discussion: Optical Rotation

m As depicted for the C_—H contraction (or
lengthening ) In D-alanine, positive (or negative)
current flowing in the direction N—C_ when
electrons are Injected into the ring by the C_—H
contraction (or lengthening), produces a magnetic
dipole transition moment, m, with a component
In the direction of the electric dipole transition
moment. The rotational strength R= Im (m), IS
positive (or negative), as observed.The main
difference between enantiomers lies in that they
produce opposite optical rotation due to the
opposite sign of Im (m).



[Discussion: X-ray: Diffiraction

= In addition to thelr experiments, a more
direct way to testify Salam’s phase
transition Is to conduct temperature-
dependent X-ray diffraction or neutron
diffraction on alanine enantiomers. If there
IS a configuration change ofi D- to L-, It
will be easy to catch this phenomenon for
an abrupt change in atom coordinates
will be observed.




[Discussion: X-ray: Diffiraction

m [he data for D-/L- alanine single crystals are listed
In Table 1, which are collected at different
temperatures on a Siemens R3m/\/ diffiractometer
with M --K, (=0.71073A) radiation. The structure
IS solved by direct methods and subsequent
Fourier Differential Technigues, and refined by
full-Matrix least squares using the SHELXTL
PLUS program. All non-hydrogen atoms are
refined with anisotropic thermal parameters.




[Discussion: X-ray: Diffiraction

m Dihedral angles was calculated firom; the
atomic coordinates of O(1) O(2) C(1) C(2)
H(1) of D- and' L-alanine under the
temperature dependence of X-ray
diffraction data.



Discussion: X-ray: Diffraction Data 300K

Temperature 00K
Satnples D-&lamne L-Alanines
Empitrical formmla Cs; HaNO,
Fortnula weight a9 110
Crystal systetn Orthorhombic
RPACE oroup P22y
I a=0.6085(1) 0.60344(5)
Sirnendionsfar b=1.2267(3) 1. 23668(%)
c=0.5300(2) 0.57879(3)
Valume (nm?) V=0.4331(7) 0.43193(5)
Z 4
Atomic coordinates = T Z H T 7z
O(1) | 0.7281(2) 0.08433(7) 0.3716(1) 0.7282(1) 0.08437(6) 0.3716(1)
CO(Z) 04505(7) 0.18519(8) 0.2390(1) 04503(1) 01851207 0.238%(1)
O 04764 01611(1D 0.6444(3) 04766020 016118(8) 0.6444(2)
CC(H) 0560402 0.14163(81  0.3975(7) C05606(2)  0.14163(7)  0.3978(2)
H{@) | 0441(2) 02381  0.656(3) 0440(2) 023771 0.655(7)
Dihedral angle © 49 537 49.40°




Discussion: X-ray: Diffraction Data 270K

Tetmperature 270K
Sammples D-Alanine L-&lanine
Empirical formula C; H;NO,
Fortnula weight 2910
Crystal system Crthorhombic
Space group Pd 2121
Ui edll a=0. A0073(5) 0. A0035(5)
T A b=1.23030(7) 12338807
c=0.57732(4) 0.57904(3)
Wolutne (fn®) V=042669(5) 04293605
7 4
Atornic coordinates H '8 z H s Z
Oy 07280010 0.0841906) 0.3723(01) C0TETACN D0E4 1406y 0372510
CO(2) | 04488(1) 0.18497(6) 0.2383(1, 0448371 0D.184%4(6) 0.2383(1)
C(Iy | 0.4744(2) 0.16118(8) 0.6442(2) 04746020 0.16115(8) 0.6445(2)
C Oy 0559102 0.14146(7) 0397310 0559302y 01414607 0.3980(2)
CH(& | 0441(2) 023710 065602 C0440{2)  0.23&(1) 065602
Dihedral angle © 45527 45.20°




Discussion: X-ray: Diffraction Data 250K

Temperature 250K
Satnples D-alatne L-Alanines
Empirical formula C; H;NO,
Forrmula weight 29.10
Crystal system Orthorhombic
SPACE group P24
i i a=0. A004 1(3) 0.60002(4)
b=1 23179(5) 1.23293(6)
Sl ey o= 0.57292(3) 0.57822(2)
Wolurne (rem®) W=042515(3) 0.42775(4)
7 4
Atornic coordinates X Y Z H g Z
Orly 07282010 0.08412(6) 0.3727(1) 0727901y 0.0840406) 0.373001)
Q) 0448101 0.18482(6) 0.2388(1) 0448001 0.18484(6) 0.2387(1)
Cil) | 0473(2) U.16125(8) U0.6443(2) 0.4736(2) 0.16115(8) 0.6447(2)
C(2) | 0.5582(2) 014137 0.3980(1) 0.5587(2) 0.14133(7) 0.3984(1)
Hid4y 04372y 0.237(1) 065302« 044002y  0.237(1) 0.658(2)
Dihedral angle 8 4307° 45,720




[Discussion: Raman Spectra

m Vibration spectra of D- and L-alanine single
crystals were measured by Raman spectroscopy.
from 200K to 300K. A further olbservation of this
phase transition In D-alanine by Raman spectra
shows that when temperature exceeds the
transition temperature T, the spectra of C_—H
modes at 1305cmit (C_—H bending), 2964 cm
(C_—H stretching) of D-alanine show a variation in
Its peak positions and relative Intensity. AS
temperature exceeds T, these two peaks show a
downward shift of about 2 cm! (above 1 cm-
spectral resolution) on Ranishow 1000 Micro-
Raman system.
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[Discussion: Raman Spectra

1808 7 —8— [ _glanine
—b— | alanie
1307 —
H—HE—n
1306 — L
i 1—1—1—‘\‘
— ik —h————&
1306
—i—1———n
1304 -
1303 S
13['2 I 1 1 I ' 1 1
a0 21 240 260 am am

Temperatue(k)

wavenumber(crm™

2066 — .
—8— [r-alanine
| —a&— -alanie
29645
ogq| H—E—E-—E-W-WAha—P
2963
H—E—N—Hn
2962
2961
2960 T T T T T T T T T T T
200 220 240 260 280 00
Terperature] <)



[Discussion: Raman Spectra

m Raman spectra confirm the existence of
phase transition of D-alanine crystal. Since
the vibrational frequencies of C_—Hibending
and stretching modes are very sensitive to
the change ofi electric dipoele moment .



[Discussion: Raman Spectra

m [his Raman spectra study Indicates the
difference of the electric dipole moment w
between  two  enantiomers  when
temperature Is below 250K. This result Is
of great importance to the understanding of
our temperature-dependent optical rotation
measurement result.



[Discussion: Optical Rotation

m Raman spectra have confirmed that the
phase transition can induce a change in the
electric dipole moment p.

® In addition, the slight variation of atoms’
position and a change of dihedral angle
(45.32°— 43.97°), which will bring the
change In the magnetic dipole moment m.



[Discussion: Optical Rotation

m Since and m all'undergo a change In their
magnitude, It Is natural to observe the
variation of rotation angle in this phase
transition because It Is closely related to

Im(pem)



[Discussion: Optical Rotation

m From Freedman’s model, we can make a sound
explanation of the phenomenon observed In our
experiments. The existence ofi the phase
transition suggested by Salam Is verified by our
experiments. However, his suggestion that this
phase transition will eventually change D-
alanine to L-alanine is denied. \WWhat we intend
to emphasize here Is the variation of rotation angle
can not be simply and solely interpreted as the
configuration change of D—L. As we have
already presented, the optical rotation is closely
related to Im(uem), so changes of magnitude of
Im(uem) will also bring about this phenomenon.



[Discussion: New: Insight of
Salam theory

m Our series of experiments confirm the
existence of a phase transition In amino
aclds. Although Salam’s hypothesis has
falled to explain homochirality only via this
phase transition, the significance of the
different behavior between D- and L- amino
aclds In the phase transition will never be
Ignored.



[Discussion: New: Insight of
Salam theory

m [he parity violation effect in weak interaction has
made enantiomers different. Berger and Quack’s
study In a detailed analysis of dynamic chirality
proved that the dihedral angle between the O-,C
and C-H planes plays an important role in
determining the Intrinsic energies of the alanine
molecules and this difference has been used In the
calculation of Parity Vioelating Energy Difference
(PVED).



[Discussion: New: Insight of
Salam theory

m According to Quack’s theoretical method' by
means of highest level ab initio studies (MC-LR),
the PVED value is 1.2 x 10-1° Hartree (3.3x 1018
eV/molecule), namely LL-alanine is more stable
than D-alanine. D-alanine and L-alanine have
shown obvious difference at 250K. Quack has also
proved that the difference between enantiomers
Induced by weak neutral currents Is too minor to
be detected by experimental methods under
normal conditions.



[Discussion: New: Insight of
Salam theory

m But as we have already illustrated, D-, .-, and DL-
alanine crystals display distinct behavior in all
experimental methods in the specific phase
transition process. A possible explanation could be:
the minor difference between D- and L-
enatiomers (PVED: about 10-1¢ - 10-17 eV) has
been enlarged to a detective level during this
phase transition due to quantum mechanical
cooperative and condensation phenomena. This
amplified energy difference will become the
foundation of later amplification mechanism.



[Discussion: New: Insight of
Salam theory

m Significantly, the bielogical system when
homochirality was achieved meets well the
formation requirements of a dissipative
structure — the critical transition point Is far from
equilibrium; the control parameter PVED, whose
value determines the probability of Salam phase
transition, has a transition threshold; the
occurrence of Salam phase transition will in turn
enlarge PVED nonlinearly.



[Discussion: New: Insight of
Salam theory

m Hence, If the temperature Is kept in the
transition temperature range all along;, the
control parameter PVED can exceed Its
critical value (threshold) for enough time,
and It Is possible to form a dissipative
structure and finally develop into an ordered
and homochiral system. This scenario Is
being tested in our laboratory.



[Discussion: New: Insight of
Salam theory

m At last, we emphasize again the significance
ofi Salam phase transition In the evolution of
homochirality: instead of an ultimate
solution to the problem, it actually plays as
a first step of amplification mechanism. It
connects the microcosmic difference
(PVED) between biomolecular enantiomers
with nonlinear process In a macrocosmic
biological system.



Chemical evolution of
homochirality
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