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¸ÀánPÀ±Á¸ÀÛç JAzÀgÉÃ£ÀÄ?

¸ÀánPÀUÀ¼ÀÄ ¥ÀæPÀÈwAiÀÄ°è J¯ÉèqÉ PÀAqÀÄ§gÀÄvÀÛªÉ.  CªÀÅUÀ¼ÀÄ «µÉÃ±ÀªÁV PÀ®Äè ªÀÄvÀÄÛ R¤dUÀ¼À gÀÆ¥ÀzÀ°è 

(¥ÀZÉÒ, ¤Ã®, ¥ÀÄ±Àå gÁUÀ, ªÀiÁtÂPÀå, ªÀÄÄAvÁzÀ CªÀÄÆ®å ºÀgÀ¼ÀÄUÀ¼ÀÄ) ºÉÃgÀ¼ÀªÁV zÉÆgÉAiÀÄÄvÀÛªÉ, ¸ÀPÀÌ-

gÉ, ªÀÄAdÄUÀqÉØ ªÀÄvÀÄÛ G¦à£À ºÀgÀ¼ÀÄUÀ¼ÀÄ ¸ÀánPÀUÀ¼À ªÀÄvÀÛµÀÄÖ GzÁºÀgÀuÉUÀ¼ÀÄ. ¥ÁæaÃ£À PÁ®¢AzÀ®Æ 

¸ÀánPÀUÀ¼À ¸ËAzÀAiÀÄð, CzÀgÀ ¸ÀªÀÄgÀÆ¥ÀvÉAiÀÄ DPÁgÀ ªÀÄvÀÄÛ §tÚUÀ¼À ««zsÀvÉUÀ¼ÀÄ d£ÀªÀÄ£À ¸É¼É¢ªÉ, 

PÀÄvÀÆºÀ® PÉgÀ½¹ªÉ.

±ÀvÀªÀiÁ£ÀUÀ¼À »AzÉAiÉÄÃ ¸ÀánPÀ ±Á¸ÀÛçdÕgÀÄ ¸ÀºÀdªÁV zÉÆgÉAiÀÄÄªÀ ¸ÀánPÀUÀ¼À CzsÀåAiÀÄ£À £ÀqÉ¸À®Ä 

eÁ«ÄwAiÀÄ£ÀÄß §¼À¹zÀgÀÄ.

E¥ÀàvÀÛ£ÉÃ ±ÀvÀªÀiÁ£ÀzÀ ¥ÁægÀA¨sÀzÀ°è, 'PÀë' QgÀtUÀ¼À£ÀÄß¥ÀAiÉÆÃV¹ ¸ÀánPÀUÀ¼À°ègÀÄªÀ CtÄUÀ¼À£ÀÄß "PÁt" 

§ºÀÄzÉAzÀÄ w½zÀÄ§A¢vÀÄ.  F eÁÕ£ÀªÉÃ ¸ÀánPÀ±Á¸ÀÛçzÀ GzÀAiÀÄPÉÌ £ÁA¢.  E°èAzÀ EzÀÄ DzsÀÄ¤PÀ 

¸ÀánPÀ±Á¸ÀÛçzÀ GzÀAiÀÄPÉÌ ºÁ¢ ªÀiÁrPÉÆnÖvÀÄ.  ªÀÄ£ÀÄµÀå£À PÀtÂÚUÉ PÁtzÀ 'PÀë' QgÀtUÀ¼ÀÄ CtÄUÀ½AzÀ 

ZÀzÀÄj¸À®àqÀÄvÀÛªÉ.  

¥ÁæaÃ£À ¨sÁgÀwÃAiÀÄ §gÀºÀUÀ¼ÀÄ EAzÀæ£À ±À¸ÁÛç¸ÀÛçUÀ¼ÀÄ ªÀdæUÀ½AzÁVvÉÛAzÀÄ (ªÀeÁæAiÀÄÄzsÀ) w½¸ÀÄªÀÅzÀÄ 

¸ÀánPÀUÀ¼À DPÀµÀðuÉAiÀÄ ¥ÀÄgÁvÀ£ÀvÉUÉ ¸ÁQëAiÀiÁVªÉ. ¸ÀánPÀzÀ gÀZÀ£ÉAiÀÄÄ CzÀgÀ PÀptvÉ ºÁUÀÆ ¥Àæw¥sÀ®£À 

UÀÄtzsÀªÀÄðUÀ¼À£ÀÄß ¤«ÄvÀÛªÁVzÉ.  ¥ÁæaÃ£À ¨sÁgÀvÀzÀ°è ªÀdæzÀ ºÉÆ¼À¥À£ÀÄß UÀÄqÀÄUÀÄ ºÁUÀÆ «ÄAaUÉ 

ºÉÆÃ°¸ÀÄwÛzÀÝgÀÄ. ªÀdæªÀÅ vÀÄA§ ¸ÀgÀ¼À CtÄ«£Áå¸À ºÉÆA¢zÀ ªÀÄvÀÄÛ CzÉÃ PÁ®PÉÌ Cw¸ÀªÀÄvÉAiÀÄ£ÀÄß 

(Symmetric) ºÉÆA¢zÀ EAUÁ®zÀ «²µÀÖ gÀÆ¥ÀªÁVzÉ.  EwºÁ¸À ¥Àæ¹zÀÞªÁzÀ  PÉÆ»£ÀÆgÀÄ ºÁUÀÆ 

ºÉÆÃ¥ï ªÀdæUÀ¼ÀÄ qÉPÀÌ£ï£À UÉÆÃ®PÉÆAqÁ RtÂAiÀÄ°è zÉÆgÀQzÀ 

ªÀdæUÀ¼ÀÄ.  PÉÆ»£ÀÆgÀÄ ªÀdæªÀÅ ªÀÄºÁgÀeÁ dºÁAVÃgÀ£À ¦ÃPÁPï 

gÁeÁ¸À£ÀzÀ ¨sÁUÀªÁzÀÝgÉ, eÉÃPÀ§ ºÉ¸Àj£À ªÀdæªÀÅ ºÉÊzÁæ¨ÁzÀ 

¸ÀA¸ÁÜ£ÀzÀ ¤eÁªÀÄ£À D¨sÀgÀtªÁVvÀÄÛ.

ªÀÄÆgÀÄ DAiÀiÁªÀÄUÀ¼À  (3D) avÀæ.  ¸ÀánPÀUÀ¼À°è ¥ÀgÀªÀiÁtÄ, 

CtÄ, CAiÀiÁ£ÀÄ CxÀªÁ CtÄUÀ¼À 3 DAiÀiÁªÀÄUÀ¼À PÀæªÀÄ§zÀÞ 

eÉÆÃqÀuÉ EgÀÄvÀÛzÉ.  «Ä±É¯ï eÉÃ«Ää£À ¸ÁéªÀÄåvÉ, LAiÀÄÆ¹Dgï

MAzÀÄ ±ÀvÀªÀiÁ£ÀzÀ ¸ÀA±ÉÆÃzsÀ£ÉAiÀÄ ¥sÀ®ªÁV PÀë-QgÀt 

¸ÀánPÀ±Á¸ÀÛçªÀÅ ¥ÀzÁxÀðUÀ¼À DtÄ gÀZÀ£É ºÁUÀÆ UÀÄtzsÀªÀÄðUÀ¼À£ÀÄß 

w½¸ÀÄªÀ ¥ÀæzsÁ£À vÀAvÀæªÁV ̈ É¼É¢zÉ.  F vÀAvÀæªÉÃ C£ÉÃPÀ vÀgÀºÀzÀ 

«eÁÕ£Á©üªÀÈ¢ÞUÉ zÁjªÀiÁrPÉÆnÖzÉ.

¢£À §¼ÀPÉAiÀÄ G¥ÀÄà 

PÀÆqÁ MAzÀÄ 

¸ÀánPÀ (ºÀgÀ¼ÀÄ). EzÀgÀ 

PÀÆå©Pï ¸ÀánPÀ gÀZÀ£É 

¸ÉÆÃrAiÀÄA ªÀÄvÀÄÛ 

PÉÆèÃgÉÊqï CAiÀiÁ£ÀÄUÀ¼À 

¥ÀgÀ¸ÀàgÀ §AzsÀ£ÀzÀ 

MAzÀÄ ªÀiÁzÀj.
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This is because, in a liquid, the movement 
of molecules made it impossible to register 
a scattered signal that could be interpreted. 
Crystallographers discovered that they could 
study biological materials, such as proteins 
or DNA, by making crystals of them. This 
extended the scope of crystallography to 
biology and medicine. The discovery came at 
a time when the growing power of computers 
was making it possible to model the structure 
of these more complex crystals.

After 100 years of development, X-ray 
crystallography has become the leading 
technique for studying the atomic structure 
and related properties of materials. It is now at 

the centre of advances in many �elds of science. New crystallographic methods are 
still being introduced and new sources (electrons, neutrons and synchrotron light) 
have become available. These developments enable crystallographers to study the 
atomic structure of objects that are not perfect crystals, including quasicrystals (see 
box) and liquid crystals (see photo of television overleaf).

The development of machines capable of generating intense light and X-rays 
(synchrotrons) has revolutionized crystallography. Large research facilities housing 
synchrotrons are used by crystallographers working in areas such as biology, chemistry, 
materials science, physics, archaeology and geology. Synchrotrons enable archaeologists 
to pinpoint the composition and age of artefacts dating back tens of thousands of years, 
for instance, and geologists to analyse and date meteorites and lunar rocks.

QUASICRYSTALS: DEFYING THE LAWS OF NATURE

In 1984, Dan Shechtman discovered the existence of a crystal in which the atoms were assembled in a model that could not be 
strictly repeated. This de�ed the accepted wisdom about the symmetry of crystals. Up until then, it had been thought that only 
symmetrical geometric forms with 1, 2, 3, 4 or 6 sides could occur as crystals, since only these forms could be reproduced in three 
dimensions.

Yet, when Dan Shechtman 
observed an alloy of aluminium 
and manganese under an electron 
microscope, he discovered a 
pentagon (�ve-sided shape). This 
‘outlaw’ came to be known as a 
quasicrystal. Dan Shechtman’s 
groundbreaking discovery would 
earn him the Nobel Prize in 
Chemistry in 2011.

As a consequence of the way in 
which their atoms are arranged, 
quasicrystals have unusual 
properties: they are hard and brittle 
and behave almost like glass, being 
resistant to corrosion and adhesion. 
They are now used in a number of 
industrial applications, one example 
being non-stick pans.

Moroccan artisans (Maalems) have actually known about the patterns found in quasicrystals for centuries. Seven hundred 
years separate the two images above. The image on the left shows the di�raction pattern of a quasicrystal obtained by Dan 
Shechtman in 1984. The photo on the right shows a �ne mosaic (zellije) in the Attaraine Madrasa in Fez (Morocco), dating from the 
14th century. The images look remarkably similar, with both showing pentagonal patterns.

Source: di�raction pattern image, Physical Review Letters (1984), vol. 53, pages 1951–1953; 
image from the mosaic, Moroccan Crystallographic Association

3D image of a crystal structure. In 
a crystal, atoms, groups of atoms, 
ions or molecules have a regular 
arrangement in three dimensions. 
© IUCr
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CvÀÄådé® PÀë-QgÀtUÀ¼À£ÀÄß GvÁà¢¸ÀÄªÀ AiÀÄAvÀæUÀ¼À (synchrotron) C«µÁÌgÀ ̧ ÀánPÀ±Á¸ÀÛçzÀ°è PÁæAwAiÀÄÄvÀ 

C©üªÀÈ¢ÞAiÀÄÄAlÄ ªÀiÁrzÉ.  PÀë-QgÀtUÀ¼À G¥ÀAiÉÆÃUÀ fÃªÀ±Á¸ÀÛç, gÀ¸ÁAiÀÄ£À ±Á¸ÀÛç, ¥ÀzÁxÀð «eÁÕ£À, 

¨sËvÀ±Á¸ÀÛç, ¨sÀÆ«eÁÕ£À ªÀÄÄAvÁzÀ «µÀAiÀÄ  ¸ÀA§A¢üÃ ¸ÀA±ÉÆÃzsÀ£ÉAiÀÄ°è Cw ¥ÁæªÀÄÄRåvÉUÀ½¹zÉ.

qÁ£ï ¸ÉZÀªÀÄ£ï 1984gÀ°è, ¥ÀgÀªÀiÁtÄ eÉÆÃqÀuÉAiÀÄ°è PÀlÄÖ¤mÁÖV ¥ÀÄ£ÀgÁªÀwðvÀªÁUÀzÀ DzÀgÉ 

UÀÄtUÀ¼À° ¸ÀánPÀUÀ¼À£ÀÄßºÉÆÃ®ÄªÀ zsÁvÀÄUÀ¼À C¹ÛvÀéªÀ£ÀÄß PÀAqÀÄ»rzÀgÀÄ.  EzÀÄ ºÀgÀ¼ÀÄUÀ¼À ¸À«ÄäwAiÀÄ 

(¸ÀªÀÄvÉ CxÀªÁ symmetry)§UÉÎ CAVÃPÀj¸À®àlÖ ¥ÀjPÀ®à£ÉUÉ ªÀåwjPÀÛªÁVvÀÄÛ. C°èAiÀÄªÀgÉUÀÆ EzÀÝ 

C©ü¥ÁæAiÀÄzÀAvÉ ¸ÀánPÀUÀ¼À ¸ÀªÀÄvÉ, 1, 2, 3, 4, ªÀÄvÀÄÛ 6 ¨sÀÄdUÀ¼À eÁ«ÄwAiÀÄ (Geometry) 
«ÄwAiÀÄ£ÀÄß «ÄÃgÀ¯ÁgÀzÀÄ.  DzÀUÀÆå¸ÀºÀ, qÁ£ï ¸ÉZÀªÀÄ£ï J¯ÉPÁÖç£ï ¸ÀÆPÀë÷äzÀ±ÀðPÀzÀ°è PÀAqÀAvÉ 

C®Äå«Ä¤AiÀÄA ªÀÄvÀÄÛ ªÀiÁåAUÀ¤Ã¸ï ¯ÉÆÃºÀ ¥ÀAZÀPÉÆÃ£ÁPÀÈwAiÀÄ ¸ÀªÀÄvÉ ºÉÆA¢ªÉ (Five Fold 
Symmetry) JAzÀÄ vÉÆÃj¹zÀgÀÄ.  EAxÀºÀ zsÁvÀÄUÀ¼ÀÄ CgÉ ¸ÀánPÀUÀ¼ÀÄ J¤ß¹PÉÆArªÉ.

qÁ£ï ¸ÉZÀªÀÄ£ïgÀ F ªÀÄÄAZÀÆtÂ ¸ÀA±ÉÆzsÀ£ÉAiÀÄÄ 2011 gÀ°è CªÀjUÉ gÀ¸ÁAiÀÄ£À±Á¸ÀÛçzÀ°è £ÉÆÃ¨É¯ï 

¥ÁjvÉÆÃµÀPÀ vÀAzÀÄPÉÆnÖvÀÄ.  ºÁUÉ£ÉÆÃrzÀgÉ, ªÉÆgÉÆPÁ£ï (ªÀiÁ¯ÉªÀiïì) d£À ±ÀvÀªÀiÁ£ÀUÀ½AzÀ®Æ 

EAvÀºÀ CgÉ ¸ÀánPÀUÀ¼À°è (ºÀgÀ¼ÀÄ) PÀAqÀÄ§gÀÄªÀ ªÀiÁzÀjUÀ¼À §UÉÎ w½¢zÀÝgÀÄ.  E°ègÀÄªÀ JgÀqÀÄ 

avÀæUÀ¼ÀÄ 200 ªÀµÀðUÀ¼À CAvÀgÀzÀ°è zÁR¯ÁzÀªÀÅ.  JqÀ¨sÁUÀzÀ avÀæªÀÅ qÁ£ï ¸ÉZÀªÀÄ£ïgÀ 1984gÀ°è 

awæÃPÀj¹zÀ CgÉ ºÀgÀ½£À (SÁé¹ Qæ¸ÀÖ¯ï) «ªÀvÀð£ÉAiÀÄ (diffraction) ªÀiÁzÀjAiÀÄ£ÀÄß vÉÆÃj¸ÀÄvÀÛzÉ.  

§®¨sÁUÀzÀ avÀæ 14£ÉÃ ±À£ÀªÀiÁ£ÀzÀ ClÖgÉÊ£ï 

ªÀÄ¹Ã¢AiÀÄ (ªÉÆgÉÆPÉÆÌ zÉÃ±ÀzÀ°è£À) GvÀÛªÀÄ 

ªÉÆ¸Á¬ÄPï£À (eóÉ°Ãeï) C£ÀÄß vÉÆÃj¸ÀÄvÀÛzÉ.  

¥ÀAZÀ¨sÀÄeÁPÀÈwÃAiÀÄ (¥ÉAlUÀ£ï) ªÀiÁzÀjAiÀÄ£ÀÄß 

ºÉÆA¢gÀÄªÀ F JgÀqÀÄ avÀæUÀ¼À°è UÀªÀÄ£ÁºÀð 

ºÉÆÃ°PÉAiÀÄ£ÀÄß PÁt§ºÀÄzÀÄ.

CgÉ ¸ÀánPÀUÀ¼ÀÄ (SÁé¹ Qæ¸ÀÖ¯ïì) (Quasi-Crystals): ¤¸ÀUÀðzÀ ¤AiÀÄªÀÄUÀ½UÉ ¸ÀªÁ®Ä!

3D image of a crystal 
structure. In a crystal, 
atoms, groups of 
atoms, ions or mol-
ecules have a regular 
arrangement in three 
dimensions.
©Image: Michele 
Zema/IUCr

Source: diffraction pattern image, Physical Review 
Letters (1984), vol. 53, pages 1951–1953; mosaic, 
Moroccan Crystallographic Association

This is because, in a liquid, the movement 
of molecules made it impossible to register 
a scattered signal that could be interpreted. 
Crystallographers discovered that they could 
study biological materials, such as proteins 
or DNA, by making crystals of them. This 
extended the scope of crystallography to 
biology and medicine. The discovery came at 
a time when the growing power of computers 
was making it possible to model the structure 
of these more complex crystals.

After 100 years of development, X-ray 
crystallography has become the leading 
technique for studying the atomic structure 
and related properties of materials. It is now at 

the centre of advances in many �elds of science. New crystallographic methods are 
still being introduced and new sources (electrons, neutrons and synchrotron light) 
have become available. These developments enable crystallographers to study the 
atomic structure of objects that are not perfect crystals, including quasicrystals (see 
box) and liquid crystals (see photo of television overleaf).

The development of machines capable of generating intense light and X-rays 
(synchrotrons) has revolutionized crystallography. Large research facilities housing 
synchrotrons are used by crystallographers working in areas such as biology, chemistry, 
materials science, physics, archaeology and geology. Synchrotrons enable archaeologists 
to pinpoint the composition and age of artefacts dating back tens of thousands of years, 
for instance, and geologists to analyse and date meteorites and lunar rocks.

QUASICRYSTALS: DEFYING THE LAWS OF NATURE

In 1984, Dan Shechtman discovered the existence of a crystal in which the atoms were assembled in a model that could not be 
strictly repeated. This de�ed the accepted wisdom about the symmetry of crystals. Up until then, it had been thought that only 
symmetrical geometric forms with 1, 2, 3, 4 or 6 sides could occur as crystals, since only these forms could be reproduced in three 
dimensions.

Yet, when Dan Shechtman 
observed an alloy of aluminium 
and manganese under an electron 
microscope, he discovered a 
pentagon (�ve-sided shape). This 
‘outlaw’ came to be known as a 
quasicrystal. Dan Shechtman’s 
groundbreaking discovery would 
earn him the Nobel Prize in 
Chemistry in 2011.

As a consequence of the way in 
which their atoms are arranged, 
quasicrystals have unusual 
properties: they are hard and brittle 
and behave almost like glass, being 
resistant to corrosion and adhesion. 
They are now used in a number of 
industrial applications, one example 
being non-stick pans.

Moroccan artisans (Maalems) have actually known about the patterns found in quasicrystals for centuries. Seven hundred 
years separate the two images above. The image on the left shows the di�raction pattern of a quasicrystal obtained by Dan 
Shechtman in 1984. The photo on the right shows a �ne mosaic (zellije) in the Attaraine Madrasa in Fez (Morocco), dating from the 
14th century. The images look remarkably similar, with both showing pentagonal patterns.

Source: di�raction pattern image, Physical Review Letters (1984), vol. 53, pages 1951–1953; 
image from the mosaic, Moroccan Crystallographic Association

3D image of a crystal structure. In 
a crystal, atoms, groups of atoms, 
ions or molecules have a regular 
arrangement in three dimensions. 
© IUCr
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A brief history
Throughout history, people have been fascinated by the beauty and mystery 
of crystals. Two thousand years ago, Roman naturalist Pliny the Elder admired 
‘the regularity of the six-sided prisms of rock crystals.’ At the time, the process of 
crystallizing sugar and salt was already known to the ancient Indian and Chinese 
civilizations: cane sugar crystals were manufactured from sugar cane juice in 
India and, in China, brine was boiled down into pure salt. Crystallization was also 
developed in Iraq in the 8th century CE. Two hundred years later, Egypt and the 
region of Andalucia in Spain would master the technique of cutting rock crystals 
for use in utensils and decorative items like the box pictured here. In 1611, German 
mathematician and astronomer Johannes Kepler was the �rst to observe the 
symmetrical shape of snow�akes and infer from this their underlying structure. 
Less than 200 years later, French mineralogist René Just Haüy would discover the 
geometrical law of crystallization.

In 1895, X-rays were discovered by William Conrad Röntgen, who was awarded the 
�rst Nobel Prize in Physics in 1901. It was Max von Laue and his co-workers, however, 
who would discover that X-rays travelling through a crystal interacted with it and, as a 
result, were di�racted in particular directions, depending on the nature of the crystal. 
This discovery earned von Laue the Nobel Prize in Physics in 1914.

Equally important was the discovery by father and son team William Henry Bragg 
and William Lawrence Bragg in 1913 that X-rays could be used to determine the 
positions of atoms within a crystal accurately and unravel its three-dimensional 
structure. Known as Bragg’s Law, this discovery has largely contributed to the modern 
development of all the natural sciences because the atomic structure governs the 
chemical and biological properties of matter and the crystal structure most physical 
properties of matter. The Bragg duo was awarded the Nobel Prize in Physics in 1915.

Between the 1920s and the 1960s, X-ray crystallography helped to reveal some of 
the mysteries of the structure of life, with great rami�cations for health care. Dorothy 
Hodgkin, for instance, solved the structures of a number of biological molecules, 
including cholesterol (1937), vitamin B12 (1945), penicillin (1954) and insulin (1969). 
She was awarded the Nobel Prize in Chemistry in 1964. Sir John Kendrew and Max 
Perutz were the �rst to work out the crystal structure of a protein, earning them 
the Nobel Prize in Chemistry in 1962. Since that breakthrough, the crystal structure 
of over 90,000 proteins, nucleic acids and other biological molecules has been 
determined using X-ray crystallography.

One of the biggest milestones of the 20th century was the discovery of the crystal 
structure of DNA by James Watson and Francis Crick. Perhaps less well known is the 
fact that their discovery was made on the basis of di�raction experiments carried 
out by Rosalind Franklin, who died prematurely in 1958. The discovery of the ‘double 
helix’ paved the way to macromolecule and protein crystallography, essential tools of 
the biological and medical sciences today. Watson and Crick were rewarded with the 
Nobel Prize in Physiology or Medicine in 1962, together with Maurice Wilkins, who 
had worked with Rosalind Franklin.

Crystallography and crystallographic methods have continued to develop over the 
last 50 years; in 1985, for example, the Nobel Prize in Chemistry was awarded to Herb 
Hauptman and Jerome Karle for developing new methods of analysing crystal structures. 
As a result, the crystal structures of more and more compounds have been solved.

Recent Nobel Prizes have been awarded to Venkatraman Ramakrishnan, Thomas 
Steitz and Ada Yonath (2009, see page 8), to Andre Geim and Konstantin Novoselov 
(2010) for their groundbreaking work on graphene, the �rst of a new class of two-
dimensional crystalline materials with unique electronic and mechanical properties, 
to Dan Shechtman (2011) for the discovery of quasicrystals (see box on facing page) 
and to Robert Lefkowitz and Brian Kobilka (2012) for revealing the inner workings 
of an important family of cell receptors which govern nearly every function of the 
human body.

Gem-studded box made in Egypt in 
about 1200 CE
© Musée de Cluny, France

In all, 45 scientists have 
been awarded the 
Nobel Prize over the 
past century for work 
that is either directly 
or indirectly related to 
crystallography. There is 
not enough room to list 
them all in this brochure 
but it is thanks to their 
individual contributions 
that crystallography 
has come to underpin 
all the sciences. Today, 
crystallography remains 
a fertile ground for 
new and promising 
fundamental research.
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1895: PÀë-QgÀtªÀ£ÀÄß (KPïì-gÉÃ) «°èAiÀÄªÀiï 

PÁ£Áæqï gÉÆÃ£ïÖeÉ£ï (William Conrad Ront-

gen) ªÉÆvÀÛªÉÆzÀ®¨ÁjUÉ PÀAqÀÄ»rzÀzÀÝPÁÌV CªÀjUÉ 

¨sËvÀ±Á¸ÀÛçzÀ ¥ÀæxÀªÀÄ £ÉÆÃ¨É¯ï ¥ÁjvÉÆÃµÀPÀªÀ£ÀÄß 1901 

gÀ°è PÉÆqÀ¯Á¬ÄvÀÄ.

1914: ªÀiÁåPïì ªÉÇ£ï ®ÆE (Max von Laue) vÀ£Àß 
¸ÀºÉÆÃzÉÆåÃVUÀ¼ÉÆA¢UÉ MAzÀÄ ̧ ÀánPÀzÀ  ªÀÄÆ®PÀ PÀëQgÀtªÀÅ 

ºÁzÀÄ ºÉÆÃzÁUÀ ¸ÀánPÀgÀZÀ£ÉAiÀÄ£ÀÄß CªÀ®A©¹ ¤¢ðµÀÖ 

¢PÀÄÌUÀ¼À°è «ªÀvÀð£É CxÀªÁ ZÀzÀÄjPÉ AiÀiÁUÀÄªÀÅzÀ£ÀÄß (dif-

fraction) PÀAqÀÄ»rzÀgÀÄ.  CªÀgÀ F ¸ÁzsÀ£ÉUÁV CªÀjUÉ 

¨sËvÀ±Á¸ÀÛçzÀ°è £ÉÆÃ¨É¯ï ¥ÁjvÉÆÃµÀPÀ ¤ÃqÀ¯Á¬ÄvÀÄ.

1913: «°AiÀÄªÀiï ºÉ¤æ ¨ÁæUï (William Henry Bragg) 

ªÀÄvÀÄÛ  «°AiÀÄªÀiï ¯ÁgÉ£ïì ¨ÁæUï (William Lawrence 

Bragg) CªÀgÀ£ÉÆß¼ÀUÉÆAqÀ vÀAzÉ ªÀÄUÀ£À vÀAqÀ  PÀë-

QgÀtªÀ£ÀÄß §¼À¹ ¸ÀánPÀzÀ ¥ÀgÀªÀiÁtÄUÀ¼À ¤RgÀ ¸ÁÜ£ÀªÀ£ÀÄß 

¤zsÀðj¸À§ºÀÄzÀÄ ªÀÄvÀÄÛ CzÀgÀ ªÀÄÆgÀÄ DAiÀiÁªÀÄzÀ 

gÀZÀ£ÉAiÀÄ£ÀÄß w½AiÀÄ §ºÀÄzÉA§ÄzÀ£ÀÄß vÉÆÃj¹zÀgÀÄ.  F 

vÀAqÀzÀ°è ªÀÄUÀ ¸Àgï ¯ÁgÉ£ïì ¨ÁæUï PÀAqÀÄPÉÆAqÀ ¸ÀÆvÀæ 
‘¨ÁæUïì ̄ Á’ ̧ ÀánPÀ±Á¸ÀÛçzÀ ̈ É¼ÀªÀtÂUÉUÉ, ̈ sËwPÀ, gÁ¸ÁAiÀÄ¤PÀ, 

eÉÊ«PÀ CtÄgÀZÀ£Á ¸ÀA±ÉÆÃzsÀ£ÉUÀ½UÉ ªÀÄÆ¯ÁzsÁgÀªÁVzÉ.

1915: «°AiÀÄªÀiï ºÉ¤æ ¨ÁæUï ªÀÄvÀÄÛ «°AiÀÄªÀiï ¯ÁgÉ£ïì 

¨ÁæUï CªÀjUÉ ¨sËvÀ±Á¸ÀÛçzÀ £ÉÆÃ¨É¯ï ¥ÁjvÉÆÃµÀPÀ vÀAzÀÄ 

PÉÆlÖ ªÀµÀð.

1920-1960: PÀëQgÀt ¸ÀánPÀ±Á¸ÀÛçzÀ £ÉgÀ«¤AzÀ eÉÊ«PÀ 

CtÄUÀ¼À gÀZÀ£ÉAiÀÄ gÀºÀ¸ÀåUÀ¼ÀÄ §»gÀAUÀUÉÆAqÀªÀÅ, 

PÀë-QgÀtUÀ¼ÀÄ DgÉÆÃUÀå PÉëÃvÀæ ªÀÄvÀÄÛ D¸ÀàvÉæUÀ¼À°è 

§¼ÀPÉUÉÆAqÀªÀÅ.

¸ÀánPÀ±Á¸ÀÛçzÀ ¥ÀæªÀÄÄR ªÀµÀðUÀ¼ÀÄ:

¸ÀAQë¥ÀÛ EwºÁ¸À:
EwºÁ¸ÀzÁzÀåAvÀ ¸ÀánPÀUÀ¼À ¸ËAzÀAiÀÄð ºÁUÀÆ UÀÆqsÀvÉUÀ¼ÀÄ d£ÀgÀ£ÀÄß 

«¸ÀäAiÀÄUÉÆ½¹ªÉ.  JgÀqÀÄ ¸Á«gÀ ªÀµÀðUÀ¼À »AzÉ, gÉÆÃªÀÄ£ï 

¤¸ÀUÀðªÁ¢ ¦è¤ ¢ J®Øgï J£ÀÄßªÀ aAvÀPÀ (Pliny the Elder) §AqÉ 

¸ÀánPÀUÀ¼ÀÄ ºÉÆA¢gÀÄªÀ (ºÀgÀ¼ÀÄUÀ¼À) DgÀÄ §¢UÀ¼À wæ¨sÀÄd (prism) 
¸ÀªÀÄvÉAiÀÄ §UÉÎ ªÉÄZÀÄÑUÉ ªÀåPÀÛ¥Àr¹zÀÝgÀÄ.  CzÉÃ ¸ÀªÀÄAiÀÄzÀ°è G¥ÀÄà 

ªÀÄvÀÄÛ ¸ÀPÀÌgÉAiÀÄ ºÀgÀ½ÃPÀgÀt«zsÁ£À (Cryostallography) DV£À 

¨sÁgÀwÃAiÀÄ ªÀÄvÀÄÛ aÃ¤Ã d£ÀjUÉ w½¢vÀÄÛ: PÀ©â£À ¸ÀPÀÌgÉAiÀÄ ºÀgÀ¼ÀÄUÀ¼À£ÀÄß 

¨sÁgÀvÀzÀ°è PÀ©â£À ºÁ°¤AzÀ vÀAiÀiÁj¸À¯ÁUÀÄwÛvÀÄÛ ªÀÄvÀÄÛ aÃ£ÁzÀ°è G¥ÀÄà ¤ÃgÀ£ÀÄß D«AiÀiÁV¹, ±ÀÄzÀÞ 

G¥Àà£ÀÄß vÀAiÀiÁj¸À¯ÁUÀÄwÛvÀÄÛ.  ¸ÀánQÃPÀgÀtªÀ£ÀÄß 8£ÉÃ ±ÀvÀªÀiÁ£ÀzÀ°è EgÁPï£À°è E£ÀÄß ºÉZÀÄÑ C©üªÀÈ¢Þ 

¥Àr¸À¯Á¬ÄvÀÄ.  JgÀqÀÄ £ÀÆgÀÄ ªÀµÀðUÀ¼À £ÀAvÀgÀ Ff¥ïÖ ªÀÄvÀÄÛ ¸ÉàÃ£ï£À CAqÁ®Ä¹AiÀiÁ ¥ÁæAvÀzÀ°è 

§AqÉAiÀÄ ºÀgÀ¼ÀÄUÀ¼À£ÀÄß PÀvÀÛj¸ÀÄªÀ vÀAvÀæ PÀgÀUÀvÀUÉÆArvÀÄ avÀæzÀ°è vÉÆÃj¹gÀÄªÀ C®APÁjPÀ gÀvÀßRavÀ 

qÀ§â Ff¥ïÖ£À°è 1200 £ÉÃ E¸À«AiÀÄ°è gÀÆ¥ÀUÉÆAqÀªÀÅ.  1611 gÀ°è dªÀÄð¤ zÉÃ±ÀzÀ UÀtÂvÀ ªÀÄvÀÄÛ 

RUÉÆÃ¼À ±Á¸ÀÛçdÕ eÉÆÃºÁ£É¸ï PÉ¥Àègï »ªÀÄ ¸ÀánPÀUÀ¼À ¸ÀªÀÄgÀÆ¥ÀvÀéPÉÌ CzÀgÀ gÀZÀ£É PÁgÀt JAzÀÄ ªÉÆzÀ® 

¨ÁjUÉ ¸ÀàµÀÖ ¥Àr¹zÀgÀÄ.

qÉÆgÉÆw ºÁrÎ£ï CªÀgÀÄ PÉÆ¯É¸ÀÖgÁ¯ï (PÉÆ©â£ÁA±À) 

(1937), «l«Ä£ï © 12 (1945), ¥É¤ì°£ï (1954) 

ªÀÄvÀÄÛ E£ÀÄì°£ï (1969) ̧ ÉÃjzÀAvÉ C£ÉÃPÀ eÉÊ«PÀ CtÄUÀ¼À 

gÀZÀ£ÉUÀ¼À£ÀÄß ¸ÀánPÀ±Á¸ÀÛçzÀ ¸ÀºÁAiÀÄ¢AzÀ ¤zsÀðj¹zÀgÀÄ.  

ºÉZÁÑV ¸ÁA¥ÀæzÁ¬ÄPÀ gÁ¸ÁAiÀÄ¤PÀ «zsÁ£ÀUÀ¼ÀÄ 

MzÀV¸À¯ÁUÀzÀ GvÀÛgÀUÀ¼À£ÀÄß PÀë-QgÀt «zsÁ£ÀUÀ½AzÀ 

¥ÀqÉAiÀÄ§ºÀÄzÀÄ JA§ ¸ÀvÁåA±ÀªÀ£ÀÄß ¤gÀÆ¦¹zÀgÀÄ.

1964: qÉÆgÉÆw ºÁrÎ£ïUÉ gÀ¸ÁAiÀÄ£À ±Á¸ÀÛç £ÉÆ¨É¯ï 

¥Àæ±À¹Û ¥ÀæzÁ£À.

1962: eÁ£ï PÉAqÀÆæªï ªÀÄvÀÄÛ ªÀiÁåPïì ¥ÉgÀÄmïÓ CªÀgÀ 

¥ÉÆæÃnÃ£ï ¸ÀánPÀ gÀZÀ£ÉAiÀÄ C«µÁÌgÀUÀ½UÉ gÀ¸ÁAiÀÄ£À 

±Á¸ÀÛçzÀ £ÉÆÃ¨É¯ï ¥Àæ±À¹Û ¥ÀæzÁ£À.

eÉÃªÀiïì ªÁålì£ï ªÀÄvÀÄÛ ¥sóÁæ¤ì¸ï QæPï CªÀgÀ rK£ïK 

(DNA) (qÉÊ DQì gÉÊ¨ÉÆÃ£ÀÄåQèPï DªÀÄè) ¸Àán-

PÀ gÀZÀ£ÉAiÀÄ C«µÁÌgÀªÀÅ 20 £ÉAiÀÄ ±ÀvÀªÀiÁ£ÀzÀ CwzÉÆqÀØ 

ªÉÄÊ®ÄUÀ®ÄèUÀ¼À°è MAzÁVzÉ.  EzÀPÁÌV EªÀj§âjUÀÆ 

£ÉÆ¨É¯ï ¥ÁjvÉÆÃµÀPÀ zÉÆgÀQvÀÄ.

¸ÀánPÀ±Á¸ÀÛç ªÀÄvÀÄÛ ¸ÀánPÀ±Á¸ÀÛç «zsÁ£ÀUÀ¼À ¨É¼ÀªÀtÂUÉ PÀ¼ÉzÀ 

50 ªÀµÀðUÀ½AzÀ ¸ÀvÀvÀªÁV £ÀqÉAiÀÄÄwÛzÀÄÝ, 1985 gÀ°è 

CtÄgÀZÀ£ÉAiÀÄ£ÀÄß PÀAqÀÄ»rAiÀÄÄªÀ ºÉÆ¸À «zsÁ£ÀªÀ£ÀÄß 

C©üªÀÈ¢ÞªÀiÁrzÀÝPÁÌV ºÉ§ðmïð ºÁåA¥ïl£ï ªÀÄvÀÄÛ 

eÉgÉÆÃªÀiïPÁ¯Éð JA§ «eÁÕ¤UÀ½UÉ gÀ¸ÁAiÀÄ£À ±Á¸ÀÛçzÀ 

£ÉÆ¨É¯ï ¥ÀÄgÀ¸ÁÌgÀªÀ£ÀÄß ¤ÃqÀ¯Á¬ÄvÀÄ.
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¸ÀánPÀ ±Á¸ÀÛçzÀ°è zÉÃ±ÀUÀ¼À ºÀÆrPÉ KPÉ 

CUÀvÀå?

UÀtPÀAiÀÄAvÀæUÀ¼À ªÉÄªÉÆj PÁqïð (Computer memory card) ªÉÆzÀ®ÄUÉÆAqÀÄ, zÀÆgÀzÀ±Àð£ÀzÀ 

¥ÀgÀzÉUÀ¼ÀÄ, PÁgÀÄUÀ¼À ̈ sÁUÀUÀ¼ÀÄ, «ªÀiÁ£ÀzÀ WÀlPÀUÀ¼ÀÄ ªÀÄvÀÄÛ zÀæªÀ ̧ ÀánPÀUÀ¼À£ÀÄß M¼ÀUÉÆAqÀ C£ÉÃPÀ ¥ÀgÀzÉUÀ¼À 

ºÁUÀÆ ºÀ®ªÁgÀÄ ºÉÆ¸À ªÀ¸ÀÄÛUÀ¼À C©üªÀÈ¢ÞUÉ ¸ÀánPÀ±Á¸ÀÛçªÀÅ CUÀvÀåªÁV ¨ÉÃPÁVzÉ. ¸ÀánPÀ±Á¸ÀÛçdÕgÀÄ ¸ÀánPÀ 

gÀZÀ£ÉAiÀÄ CzsÀåAiÀÄ£À £ÀqÉ¸ÀÄªÀÅzÀÄ ªÀiÁvÀæªÉÃ C®èzÉ vÀªÀÄä eÁÕ£À¢AzÀ ¸ÀánPÀgÀZÀ£ÉAiÀÄ£ÀÄß ªÀiÁ¥ÁðqÀÄ ªÀiÁr 

CªÀPÉÌ ºÉÆ¸À UÀÄtUÀ¼À£ÀÄß PÉÆlÄÖ CªÀÅ «©ü£Àß jÃwAiÀÄ°è ªÀwð¸ÀÄªÀAvÉ ªÀiÁqÀ§®ègÀÄ. 

¸ÀánUÀ¼ÀÄ C£ÉÃPÀ G¥ÀAiÉÆÃUÀUÀ¼À£ÀÄß ºÉÆA¢ªÉ.  EªÀÅ £ÀªÀÄä zÉÊ£ÀA¢£À fÃªÀ£ÀzÀ°è ºÁ¸ÀÄºÉÆPÁÌV £ÀªÀÄä 

eÁÕ£Á©üªÀÈ¢ÞAiÀÄ ªÉÄÃ¯É CªÀ®A©vÀªÁVgÀÄªÀ ̧ ËPÀAiÀÄð PÉÊUÁjPÉUÀ¼À ̈ É£Éß®Ä¨ÁVzÉ.  GzÁºÀgÀuÉUÉ, DºÁgÀ 

(Agro Food), ªÁAiÀÄÄAiÀiÁ£À, ªÁºÀ£À ¸ËPÀAiÀÄð, UÀtPÀAiÀÄAvÀæ (Computer), «zÀÄåZÀÒQÛUÉ ¸ÀA§AzsÀ 

¥ÀlÖ ºÁUÀÆ OµÀ¢üÃAiÀÄ ªÀÄvÀÄÛ UÀtÂUÁjPÉ GzÀåªÀÄUÀ¼ÀÄ M¼ÀUÉÆAqÀAvÉ ºÉÆ¸À GvÀà£ÀßUÀ¼À C©üªÀÈ¢ÞUÉ 

¥ÀÆgÀPÀªÁVzÉ.

R¤d±Á¸ÀÛçªÀÅ ¸ÀánPÀ±Á¸ÀÛçzÀ MAzÀÄ ºÀ¼ÉAiÀÄ ±ÁSÉ JAzÀÄ ºÉÃ¼À§ºÀÄzÀÄ.  1920 jAzÀ FZÉUÉ, PÀë-

QgÀt ¸ÀánPÀ±Á¸ÀÛçªÉÇAzÉ R¤d ºÁUÀÆ ¯ÉÆÃºÀUÀ¼À CtÄgÀZÀ£ÉAiÀÄ£ÀÄß ¤zsÀðj¸ÀÄªÀ ¥ÀæªÀÄÄR «zsÁ£ÀªÁVzÉ.  

§AqÉUÀ¼À, ¨sËUÉÆÃ½PÀ gÀZÀ£ÉUÀ¼À ªÀÄvÀÄÛ ¨sÀÆ«ÄAiÀÄ EwºÁ¸ÀzÀ §UÉV£À £ÀªÀÄä w¼ÀÄªÀ½PÉ UÀ¼É®èªÀÇ  ¸ÀánPÀ 

±Á¸ÀÛçªÀ£ÀÄß DzsÀj¹ªÉ. £ÀªÀÄä DPÁ±ÀzÀ (Cosmic) CwyUÀ¼ÁzÀ G¯ÉÌUÀ¼À §UÉV£À £ÀªÀÄä eÁÕ£ÀªÀÇ ¸ÀºÀ 

¸ÀánPÀ±Á¸ÀÛçzÀ DzsÁgÀ¢AzÀ¯ÉÃ zÉÆgÉAiÀÄÄvÀÛzÉ F eÁÕ£ÀªÀÅ UÀtÂUÁjPÉ, ¤ÃgÀÄ, vÉÊ®, C¤® ªÀÄvÀÄÛ ̈ sÀÆ±ÁRzÀ 

PÉÊUÁjPÉUÀ¼À ºÁUÀÆ ¨sÀÆ«ÄAiÀÄ£ÀÄß PÉÆgÉªÀ AiÀiÁªÀÅzÉÃ GzÀåªÀÄPÀÆÌ CvÀåUÀvÀå.

¸ÀánPÀ±Á¸ÀÛçzÀ ªÀÄvÉÆÛAzÀÄ G¥ÀAiÉÆÃUÀ ºÉÆ¸À OµÀzsÀUÀ¼À C«µÁÌgÀzÀ°èzÉ.  OµÀ¢üÃAiÀÄ ¸ÀA¸ÉÜUÀ¼ÀÄ ¤¢ðµÀÖ 

¨ÁåQÖÃjAiÀiÁ CxÀªÁ ªÉÊgÀ¸ï ºÁªÀ½AiÀÄ£ÀÄß vÀqÉUÀlÖ®Ä ¥ÀæxÀªÀÄªÁV, ªÀiÁ£ÀªÀ PÉÆÃ±ÀUÀ¼À£ÀÄß zÁ½ ªÀiÁqÀÄªÀ 

CªÀÅUÀ¼À ¸ÀQæAiÀÄ ¥ÉÆænÃ£ïìUÀ¼À£ÀÄß (QtéUÀ¼ÀÄ) vÀl¸ÀÜUÉÆ½¸ÀÄªÀ ¸ÁªÀÄxÀåðªÀÅ¼Àî MAzÀÄ ¸ÀtÚ CtÄ«£À 

¸ÀA±ÉÆÃzsÀ£ÉUÉ ¥ÀæAiÀÄwß¸ÀÄvÀÛªÉ.  ¥ÉÆæÃnÃ£ï£À ¤RgÀ DPÁgÀ w½zÀÄ «eÁÕ¤UÀ¼ÀÄ OµÀ¢üÃAiÀÄ ¸ÀAAiÀÄÄPÀÛUÀ¼À£ÀÄß 

«£Áå¸ÀUÉÆ½¸À®Ä  ¸ÀªÀÄxÀðgÁUÀÄvÁÛgÉ.  EAxÀºÀ OµÀ¢üÃAiÀÄ ¸ÀAAiÀÄÄPÀÛUÀ¼ÀÄ ¸ÀQæAiÀÄ ¥ÉÆæÃnÃ£ï UÀ¼À ªÉÄÃ°£À 

QæAiÀiÁ²Ã® vÁtUÀ½UÉ CAnPÉÆAqÀÄ CªÀÅUÀ¼À ºÁ¤PÁgÀPÀ ZÀlÄªÀnPÉUÀ¼À£ÀÄß ¤¶ÌçAiÀÄUÉÆ½¸ÀÄvÀÛªÉ.

¥ÉÆæÃnÃ£ï UÀ¼ÀÄ CªÉÄÊ£ÉÆÃ DªÀÄèUÀ¼À MAzÀÄ CxÀªÁ ºÉZÀÄÑ ¸ÀgÀ¥À½UÀ¼ÀÄ M¼ÀUÉÆArgÀÄªÀ zÉÆqÀØ 

PÀtUÀ¼ÁVªÉ.

¸ÀánPÀ±Á¸ÀÛçªÀÅ OµÀzsÀ vÀAiÀiÁjPÉ ºÀAvÀzÀ°è ¸ÀºÀ CvÀåUÀvÀå.  ¸ÀA¸ÀÌj¹zÀ OµÀzsÀzÀ ¸ÀªÀÄÆºÀ GvÁàzÀ£É 

¸ÀªÀÄAiÀÄzÀ°è UÀÄtªÀÄlÖ ¤AiÀÄAvÀætPÉÌ ¨ÉÃPÁzÀ PÀlÄÖ¤mÁÖzÀ PÀæªÀÄUÀ¼ÀÄ ªÀÄvÀÄÛ DgÉÆÃUÀå ªÀÄvÀÄÛ ¸ÀÄgÀPÀëvÁ 

ªÀiÁUÀðUÀ¼À£ÀÄß ¸ÀánPÀ±Á¸ÀÛçªÀÅ MzÀV¸ÀÄvÀÛzÉ.
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Cocoa butter, the most important ingredient of chocolate, crystallizes in six di�erent forms 
but only one melts pleasantly in the mouth and has the surface sheen and crisp hardness 
that make it so tasty. This ‘tasty’ crystal form is not very stable, however, so it tends to 
convert into the more stable form, which is dull, has a soft texture and melts only slowly in 
the mouth, producing a coarse and sandy sensation on the tongue. Luckily, the conversion 
is slow but if chocolate is stored for a long time or at a warm temperature, it can develop 
a ‘bloom,’ a white, �lmy residue that results from recrystallization. Chocolate-makers thus 
have to use a sophisticated crystallization process to obtain the most desirable crystal form, 
the only one accepted by gourmets and consumers. Photo: Wikipedia

The Curiosity rover used X-ray crystallography in October 2012 to analyse soil samples on the planet Mars! NASA had equipped the rover 
with a di�ractometer. The results suggested that the Martian soil sample was similar to the weathered basaltic soils of Hawaiian volcanoes. 
Photo: NASA

Antibodies binding to a virus. 
Crystallography is used to control 
the quality of processed drugs, 
including antiviral drugs, at the 
stage of mass production, in order to 
ensure that strict health and safety 
guidelines are met.
© IUCr
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PÉÆÃPÁ §lgï (¨ÉuÉÚ), ZÁPÉÆ¯ÉÃmï£À 

¥ÀæªÀÄÄR WÀlPÁA±ÀªÁVzÉ, DgÀÄ ¨ÉÃgÉ 

¨ÉÃgÉ gÀÆ¥ÀUÀ¼À°è ¸ÀánQÃPÀÈvÀUÉÆ¼ÀÄîvÀÛzÉ, 

DzÀgÉ CzÀgÀ MAzÀÄ gÀÆ¥À ªÀiÁvÀæ 

¨Á¬ÄAiÀÄ°è ªÀÄÈzÀÄªÁV PÀgÀUÀÄvÀÛzÉ.  

CAvÀºÀ PÉÆPÀ §lgï §¼À¹zÀ 

ZÁPÉÆ¯ÉÃlÄUÀ¼ÀÄ DPÀ±ÀðPÀ ªÉÄÃ¯ÉäöÊ  

ºÉÆA¢zÀÄÝ »vÀªÁVgÀÄvÀÛªÉ.  

‘PÀÆåjAiÀiÁ¹n gÉÆÃªÀgï’ ªÀÄAUÀ¼À UÀæºÀzÀ ªÉÄÃ¯É ªÀÄtÂÚ£À ªÀiÁzÀjUÀ¼À£ÀÄß «ÃQë¸À®Ä CPÉÆÖÃ§gï 2012 gÀ°è PÀë-QgÀt 

¸ÀánPÀ±Á¸ÀÛçzÀ §¼ÀPÉ ªÀiÁrvÀÄ.  £Á¸Á ¸ÀA¸ÉÜ gÉÆÃªÀgï C£ÀÄß “r¥sóÁæ÷åPÉÆÖçÃ«ÄÃlgï” £ÉÆA¢UÉ ¸ÀdÄÓUÉÆ½¹vÀÄÛ EzÀgÀ 

¥sÀ°vÁA±ÀUÀ¼ÀÄ ªÀÄAUÀ¼ÀUÀæºÀzÀ ªÀÄtÂÚ£À ªÀiÁzÀjAiÀÄÄ ºÁªÁAiÀÄ£ï eÁé¯ÁªÀÄÄTUÀ¼À ªÁvÁªÀgÀtzÀ PÀ¥ÀÄà²¯ÉAiÀÄ ªÀÄtÂÚUÉ 

ºÉÆÃ®ÄªÀÅzÀ£ÀÄß ¸ÀÆa¹zÀªÀÅ.
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Who is organizing the 
International Year of 
Crystallography?
The Year is being organized jointly by the International Union of Crystallography 
(IUCr) and UNESCO. It will complement two other international years led by 
UNESCO within the United Nations system, by contributing to the follow-up of the 
International Year of Chemistry (2011) and providing an introduction to the planned 
International Year of Light (2015). UNESCO is implementing all three years through its 
International Basic Sciences Programme.

Why now?
The International Year of Crystallography commemorates the centennial of the birth 
of X-ray crystallography, thanks to the work of Max von Laue and William Henry and 
William Lawrence Bragg. The year 2014 also commemorates the 50th anniversary of 
another Nobel Prize, that awarded to Dorothy Hodgkin for her work on vitamin B12 
and penicillin (see page 3 A brief history).

Even though crystallography underpins all the sciences today, it remains relatively 
unknown to the general public. One aim of the Year will be to promote education and 
public awareness through a variety of activities (see overleaf Who will bene�t from the 
International Year of Crystallography?).

Crystallographers are active in more than 80 countries, 53 of which are members of 
the International Union of Crystallography (see map). The Union ensures equal access 
to information and data for all its members and promotes international cooperation.

There is a need to broaden the base of crystallography, in order to give more 
developing countries expertise in this critical �eld for their scienti�c and industrial 
development. This is all the more urgent in that crystallography will play a key role in 
the transition to sustainable development in coming decades.

Countries adhering to the International Union of Crystallography

© IUCr
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6 CAvÀgÀ gÁ¶ÖçÃAiÀÄ ¸ÀánPÀ±Á¸ÀÛçzÀ 

ªÀµÀðªÀ£ÀÄß ¤AiÉÆÃf¸ÀÄwÛgÀÄªÀªÀgÁgÀÄ?

GzÉÝÃ±À:

CAvÀgÀgÁ¶ÛçÃAiÀÄ ̧ ÀánPÀ MPÀÆÌl (LAiÀÄÆ¹Dgï) ºÁUÀÆ G£É¸ÉÆÌÃ (UNES-
CO) dAnAiÀiÁV CAvÀgÀgÁ¶ÖçÃAiÀÄ ¸ÀánPÀ±Á¸ÀÛçzÀ ªÀµÀðªÀ£ÀÄß DAiÉÆÃf¹zÉ.

•	 EAzÀÄ ¸ÀánPÀ±Á¸ÀÛçªÀÅ ¨ÉÃgÉ ¨ÉÃgÉ ±ÁSÉUÀ¼À°è ¸ÀA±ÉÆÃzsÀ£É £ÀqÉ¸ÀÄªÀ, 

«eÁÕ¤UÀ¼À£ÀÄß MUÀÆÎr¸ÀÄwÛzÀÝgÀÆ ¸ÁªÀðd¤PÀjUÉ C¥ÀjavÀªÁVAiÉÄÃ 

G½¢zÉ.  ¸ÁªÀðd¤PÀ CjªÀÅ ªÀÄvÀÄÛ ²PÀëtªÀ£ÀÄß PÁAiÀÄð ZÀlÄªÀnPÉUÀ¼À 

ªÀÄÆ®PÀ GvÉÛÃf¸ÀÄªÀÅzÀÄ PÁAiÀÄðPÀæªÀÄzÀ ¥ÀæªÀÄÄR GzÉÝÃ±À.  

(CAvÀgÀgÁ¶ÖçÃAiÀÄ ¸ÀánPÀ±Á¸ÀÛç ªÀµÀðzÀ ¥sÀ¯Á£ÀÄ¨sÀ«UÀ¼ÀUÀ®Ä AiÀiÁgÀÄ ¸ÀÆPÀÛgÀÄ 

JAzÀÄ w½AiÀÄÄªÀ¸À®ÄªÁV)

•	 C©üªÀÈ¢Þ²Ã® zÉÃ±ÀUÀ¼À°è ªÉÊeÁÕ¤PÀ ªÀÄvÀÄÛ PÉÊUÁjPÁ C©üªÀÈ¢ÞUÉ ¨ÉÃPÁzÀ 

F ¤uÁðAiÀÄPÀ PÉëÃvÀæzÀ°è ¥ÀjtÂwAiÀÄ£ÀÄß ¤ÃqÀÄªÀ ¸À®ÄªÁV ¸ÀánPÀ±Á¸ÀÛçzÀ 

vÀ¼ÀºÀ¢AiÀÄ£ÀÄß «¸ÀÛj¸À¨ÉÃPÁVzÉ.  ¸ÀánPÀ±Á¸ÀÛçªÀÅ ªÀÄÄA§gÀÄªÀ zÀ±ÀPÀUÀ¼À°è 

¸ÀÄ¹ÜgÀ C©üªÀÈ¢ÞAiÀÄ£ÀÄß ¤ªÀð»¸ÀÄªÀ ¥ÀæªÀÄÄR ¥ÁvÀæ ªÀ»¸À°zÉ.

¸ÀánPÀ ±Á¸ÀÛçdÕgÀÄ 80QÌAvÀ ºÉaÑ£À zÉÃ±ÀUÀ¼À°è ̧ ÀQæAiÀÄgÁVzÁÝgÉ, EªÀÅUÀ¼À°è, 53 

zÉÃ±ÀUÀ¼ÀÄ CAvÀgÀgÁ¶ÖçÃAiÀÄ ¸ÀánPÀ±Á¸ÀÛçzÀ MPÀÆÌlzÀ LAiÀÄÆ¹Dgï (IUCr) 

¸ÀzÀ¸ÀågÁVzÁÝgÉ.  LAiÀÄÆ¹Dgï (IUCr) vÀ£Àß J¯Áè ¸ÀzÀ¸Àå gÁµÀÖçUÀ½UÉ 

¸ÀªÀiÁ£ÀªÁzÀ ªÀiÁ»w ªÀÄvÀÄÛ CAvÀgÀgÁ¶ÖçÃAiÀÄ ¸ÀºÀPÁgÀ ¤ÃqÀÄvÀÛzÉ. 

¸ÀánPÀ ±Á¸ÀÛçzÀ CAvÀgÀgÁ¶ÖçÃAiÀÄ MPÀÆÌlzÀ°ègÀÄªÀ zÉÃ±ÀUÀ¼À£ÀÄß PÉA¥ÀÄ §tÚzÀ°è vÉÆÃj¸À¯ÁVzÉ.
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Challenges for the future
In 2000, the world’s governments adopted the United Nations’ Millennium 
Development Goals, which set speci�c targets to 2015 for reducing extreme poverty 
and hunger, improving access to clean water and safe sanitation, curbing child 
mortality and improving maternal health, among other challenges.

Governments are currently preparing a fresh set of goals that will determine the 
development agenda for the post-2015 period. The following are some examples of 
how crystallography can help to advance this agenda.

Food challenges

The world population is expected to grow from 7 billion in 2011 to 9.1 billion by 2050. 
The combination of rapid population growth and a diet more heavily reliant on meat 
and dairy products than in the past may increase the demand for food by 70% by 
2050. This presents a major challenge for agriculture.

State-of-the-art crystallographic techniques are driving research in the agricultural and 
food sectors. Crystallography can be used to analyse soils, for instance. One serious cause 
of deteriorating soils is salinization, which can occur naturally or be induced by human 
activities.

Structural studies on plant proteins can help to develop crops which are more 
resistant to salty environments.

Crystallography can also contribute to the development of cures for plant and animal 
diseases, one example being research into canker in crop species like tomatoes, or the 
development of vaccines to prevent diseases such as avian or swine �u.

In addition, crystallographic studies of bacteria are important for the production of 
food products derived from milk, meat, vegetables and other plants.

Water challenges

Although the world recently met the Millennium Development Goal target 
of halving the proportion of people without access to safe drinking water by 
2015, sub-Saharan Africa and the Arab region are lagging behind, according to 
the World Water Development Report (2012) produced by the United Nations. 
The same target for basic sanitation currently appears out of reach, as half 
the population in developing regions still lacks access. Moreover, the number 
of people in cities who lack access to a clean water supply and sanitation is 
estimated to have grown by 20% since the Millennium Development Goals 
were established in 2000. The urban population is forecast to nearly double to 
6.3 billion in 2050, up from 3.4 billion in 2009.

Crystallography can help to improve water quality in poor communities, for instance, 
by identifying new materials which can purify water for months at a time, such as 
nanosponges (tap �lters) and nanotablets. It can also help to develop ecological 
solutions to improve sanitation.

Energy challenges

Whereas energy was absent from the Millennium Development Goals, it should 
be a key focus of the post-2015 development agenda. In September 2011, the 
UN Secretary-General launched the Sustainable Energy for All initiative. It comes 
at a time of growing concern over the impact of fossil-fuel intensive economies 
on the Earth’s climate and recognition of the need to accelerate the transition 
to sustainable sources of energy. According to the International Energy Agency, 
carbon dioxide (CO2) emissions increased by 5% to 30.6 gigatons (Gt) between 
2008 and 2010, despite the international �nancial crisis. If the world is to keep 
global warming to 2° C this century, CO2 emissions by the energy sector must not 
exceed 32 Gt by 2020.

Crystallography can identify 
new materials which can purify 

water for months at a time, such 
as nanosponges (tap �lters) 

and nanotablets. 
© Shutterstock/S_E 
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¨sÀ«µÀåzÀ°è §gÀÄªÀ ¸ÀªÀÄ¸ÉåUÀ¼ÀÄ:
2000gÀ°è dUÀwÛ£À ¸ÀPÁðgÀUÀ¼ÀÄ «±Àé¸ÀA¸ÉÜAiÀÄ C©üªÀÈ¢ÞAiÀÄ UÀÄjUÀ¼À£ÀÄß (AiÀÄÄ£ÉÊmÉqï £ÉÃµÀ£ïì qÉªÉ®¥ï 

ªÉÄAmï UÉÆÃ¯ïì), C¼ÀªÀr¹PÉÆAqÀÄ wÃªÀæ §qÀvÀ£À ªÀÄvÀÄÛ ºÀ¹ªÉAiÀÄ£ÀÄß PÀrªÉÄUÉÆ½¸ÀÄªÀ, ̧ ÀéZÀÒ ¤ÃgÀÄ ªÀÄvÀÄÛ 

¤ªÀÄð® ªÁvÁªÀgÀt MzÀV¸ÀÄªÀ, ªÀÄPÀÌ¼À ªÀÄgÀt ¥ÀæªÀiÁt vÀqÉAiÀÄ®Ä ªÀÄvÀÄÛ EvÀgÀ ¸ÀªÁ®ÄUÀ¼À £ÀqÀÄªÉ 

vÁ¬Ä DgÉÆÃUÀå ¸ÀÄzsÁgÀuÉAiÀÄ ¤¢üðµÀÖ UÀÄjUÀ¼À£ÀÄß ¸Á¢ü¸À¨ÉÃPÉA§ wÃªÀiÁð£À vÉUÉzÀÄPÉÆAqÀªÀÅ.  ¥Àæ¸ÀÄÛvÀ 

ºÁUÀÆ EAxÀºÀ ¸ÀªÀÄ¸ÉåUÀ½UÉ¸ÀánPÀ±Á¸ÀÛç CvÀåUÀvÀåªÁV ¨ÉÃPÁUÀÄvÀÛzÉ.  2015 ªÀµÀðzÀ°è  C©üªÀÈ¢Þ PÁAiÀÄð 

PÀ¯Á¥ÀUÀ¼À£ÀÄß ¤zsÀðj¸ÀÄªÀ ºÉÆ¸À UÀÄjUÀ¼À£ÀÄß ¸ÀPÁðgÀUÀ¼ÀÄ vÀAiÀiÁj¸ÀÄwÛªÉ.

PÉ¼ÀV£À PÉ®ªÀÅ GzÁºÀgÀuÉUÀ¼ÀÄ ¸ÀánPÀ±Á¸ÀÛçzÀ PÁAiÀÄðPÀæªÀÄzÀ ªÀÄÄ£ÀßqÉAiÀÄ£ÀÄß ¸ÀÆa¸ÀÄvÀÛªÉ:

DºÁgÀ ¸ÀªÁ®ÄUÀ¼ÀÄ:

•	 ¸ÀánPÀ±Á¸ÀÛçzÀ £ÉgÀ«¤AzÀ ªÀÄtÂÚ£À UÀÄtªÀvÀÛvÉAiÀÄ£ÀÄß, 

«±ÉÃµÀªÁV CzÀgÀ°ègÀÄªÀ C£ÁªÀ±ÀåPÀ G¦à£ÁA±ÀªÀ£ÀÄß, 

C¼ÀvÉªÀiÁr CºÁgÀ¨É¼ÉUÀ¼À ¥sÀ¸À°£À ºÉZÀÑ¼ÀPÉÌ 

¸ÀºÁAiÀÄªÀiÁqÀ§ºÀÄzÀÄ.

•		 G¦à£À ¥Àj¸ÀgÀzÀ°è ¤gÉÆÃzsÀPÀ ¨É¼ÉUÀ¼À£ÀÄß C©üªÀÈ¢Þ ¥Àr¸À®Ä ¸À¸Àå 

¥ÉÆæÃnÃ£ïUÀ¼À gÀZÀ£ÁvÀäPÀ CzsÀåAiÀÄ£ÀªÀÅ ¸ÀºÁAiÀÄPÁj.

•		 ¸À¸Àå ªÀÄvÀÄÛ ¥ÁætÂ gÉÆÃUÀUÀ¼À ¥ÀjºÁgÀ C©üªÀÈ¢ÞUÉ ¸ÀánPÀ±Á¸ÀÛçªÀÅ 

¥ÀæAiÉÆÃd£ÀPÁj.

ºÀQÌAiÀÄ CxÀªÁ ºÀA¢ dégÀ gÉÆÃUÀUÀ¼À£ÀÄß vÀqÉUÀlÖ®Ä ®¹PÉUÀ¼À 

C©üªÀÈ¢ÞUÉ ¸ÀºÁAiÀÄPÁj.

•	 eÉÆvÉUÉ ¨ÁåQÖÃjAiÀiÁUÀ¼À ¸ÀánPÀ±Á¹ÛçÃAiÀÄ CzsÀåAiÀÄ£ÀUÀ¼ÀÄ, 

ºÁ®Ä, ªÀiÁA¸À, vÀgÀPÁjUÀ¼ÀÄ ªÀÄwÛvÀgÀ ¸À¸ÀåUÀ½AzÀ zÉÆgÀPÀÄªÀ 

DºÁgÉÆÃvÀà£ÀßUÀ¼À vÀAiÀiÁjPÉUÉ ¥ÀæªÀÄÄRªÁVzÉ.

¤Ãj£À ¸ÀªÁ®ÄUÀ¼ÀÄ:

•	 ¸ÀánPÀ±Á¸ÀÛçªÀÅ, §qÀd£ÀjUÉ «±ÉÃµÀªÁV CUÀvÀåªÁzÀ 

¤Ãj£À UÀÄtªÀÄlÖ ºÉaÑ¸ÀÄªÀ°è ¸ÀºÁAiÀÄPÁj DUÀ§®ÄèzÀÄ, 

GzÁºÀgÀuÉUÉ §ºÀÄ¢£ÀUÀ¼À PÁ® ¤ÃgÀ£ÀÄß ±ÀÄzÀÞªÁVj¸À®Ä 

£Áå£ÉÆÃ¸ÁàAd¸ï (¤Ãj£À ±ÉÆÃzsÀPÀUÀ¼ÀÄ) ªÀÄvÀÄÛ £Áå£ÉÆÃ 

mÁå¨Éèmïì JA§ ºÉÆ¸À ªÀ¸ÀÄÛUÀ¼À£ÀÄß C©üªÀÈ¢Þ¥Àr¸À®Ä ¸ÁzsÀå.
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±ÀQÛAiÀÄ ¸ÀªÁ®ÄUÀ¼ÀÄ:

•	 ¸ÀánPÀ ±Á¸ÀÛçªÀÅ ªÀÄ£ÉAiÀÄ ±ÀQÛ §¼ÀPÉAiÀÄ£ÀÄß (ªÀÄvÀÄÛ ©¯ïC£ÀÄß) PÀrvÀ 

UÉÆ½¸ÀÄªÀ ºÁUÀÆ EAUÁ®zÀ ºÉÆgÀ¸ÀÆ¸ÀÄ«PÉAiÀÄ£ÀÄß vÀqÉAiÀÄÄªÀ 

¤gÉÆÃzsÀPÀ ªÀ¸ÀÄÛUÀ¼À C©üªÀÈ¢ÞUÉ ¸ÀºÁAiÀÄ.

•	 ¸ÀánPÀ±Á¸ÀÛç ¸ËgÀ ¥sÀ®PÀUÀ¼À, UÁ½AiÀÄAvÀæUÀ¼À («Aqï «Ä¯ïì) ªÀÄvÀÄÛ 

¨ÁåljUÀ¼À GvÁàzÀ£Á ªÉZÀÑªÀ£ÀÄß PÀrªÉÄUÉÆ½¸ÀÄªÀ ºÉÆ¸À ªÀ¸ÀÄÛUÀ¼À£ÀÄß 

UÀÄgÀÄw¸À®Ä ¸ÀºÁAiÀÄPÁjAiÀiÁUÀ§®èzÀÄ. EAxÀºÀ ªÀ¸ÀÄÛUÀ¼ÀÄ ºÉaÑ£À 

zÀPÀëvÉ¬ÄAzÀ ªÀwð¹ ¥ÉÆÃ¯ÁUÀÄªÀÅzÀ£ÀÄß PÀrvÀUÉÆ½¹ ºÀ¹gÀÄ 

vÀAvÀæeÁÕ£ÀUÀ¼À ¥ÀæªÉÃ±ÀPÉÌ ¥ÀÆgÀPÀªÁUÀÄvÀÛªÉ.

gÁ¸ÁAiÀÄ¤PÀ GzÀåªÀÄ ºÀ¹gÀÄUÉÆ½¸ÀÄ«PÉ:

•	 ¸ÀánPÀ±Á¸ÀÛçªÀÅ C©üªÀÈ¢Þ ªÀÄvÀÄÛ C©üªÀÈ¢Þ ²Ã® zÉÃ±ÀUÀ¼À°è ¥Àj¸ÀgÀªÀ£ÀÄß 

±ÀÄzÀÞªÁVqÀ§®è ªÀ¸ÀÄÛUÀ¼À C©üªÀÈ¢ÞUÉ PÉÆqÀÄUÉ ¤ÃqÀ§®èzÀÄ.  

•	 EzÀÄ UÀtÂUÁjPÉAiÀÄ°è DAiÀÄÝ ªÀ¸ÀÄÛUÀ¼À£ÀÄß ªÀiÁvÀæ ºÉÆgÀvÉUÉAiÀÄ®Ä 

¨ÉÃPÁzÀ «zsÁ£ÀUÀ½UÉ PÉÆqÀÄUÉ ¤Ãr UÀtÂUÁjPÉ vÁådå ªÀÄvÀÄÛ ¸ÀA§¢üvÀ 

ªÉZÀÑUÀ¼À£ÀÄß PÀrªÉÄ ªÀiÁqÀ®Ä ¸ÀºÁAiÀÄ ªÀiÁqÀ§®èzÀÄ.

DgÉÆÃUÀåzÀ ¸ÀªÁ®ÄUÀ¼ÀÄ:

•	 ¸ÀánPÀ±Á¸ÀÛçªÀÅ GzÁºÀgÀuÉUÉ ¨ÁåQÖÃjAiÀiÁzÀ ¨É¼ÉAiÀÄÄwÛgÀÄªÀ 

¥ÀæwgÉÆÃzsÀªÀ£ÀÄß ¤¨sÁ¬Ä¸À®Ä ¥ÀæwfÃªÀPÀUÀ½UÉ 

¸ÀºÁAiÀÄPÁjAiÀiÁUÀ§®èzÀÄ.  ªÉAPÀlgÁªÀÄ£ï ªÀÄvÀÄÛ xÁªÀÄ¸ï ¹ÖÃmïì 

EªÀgÉÆnÖUÉ CqÁAiÉÆÃ£ÁWï gÉÊ¨ÉÆÃ¸ÉÆªÀiï £À gÀZÀ£É PÀAqÀÄ»rzÀÄ 

F gÀZÀ£ÉUÉ ¥ÀæwfÃªÀPÀUÀ¼ÀÄ MqÀÄØªÀ CrØAiÀÄ£ÀÄß ¸Á¢ü¹zÁÝgÉ. 

ªÀiÁ£ÀªÀgÀÄ, ¸À¸ÀåUÀ¼ÀÄ ªÀÄvÀÄÛ ¨ÁåQÖÃjAiÀiÁ ¸ÉÃjzÀAvÉ fÃªÀPÉÆÃ±ÀUÀ¼À°è 

J¯Áè ¥ÉÆæÃnÃ£ÀÄUÀ¼À GvÀàwÛAiÀÄ ºÉÆuÉAiÀÄ gÉÊ¨ÉÆÃ¸ÉÆÃªÀÄÄUÀ¼ÀzÀÄÝ.  

gÉÊ¨ÉÆÃ¸ÉÆÃªÀÄÄUÀ½UÉ F PÁAiÀÄðzÀ°è vÀqÉ GAmÁzÀgÉ fÃªÀPÉÆÃ±À 

¸ÁAiÀÄÄvÀÛzÉ.  ¥ÀæwfÃªÀPÀUÀ½UÉ gÉÊ¨ÉÆÃ¸ÉÆÃªÀÄÄUÀ¼ÀÄ ªÀÄÄRå UÀÄj, KPÉ-

AzÀgÉ ¥ÀæwfÃªÀPÀUÀ¼ÀÄ ªÀiÁ£ÀªÀ gÉÊ¨ÉÆÃ¸ÉÆÃªÀÄÄUÀ¼À£ÀÄß ºÉÆgÀvÀÄ¥Àr¹ 

C¥ÁAiÀÄPÁj ¨ÁåQÖÃjAiÀiÁzÀ gÉÊ¨ÉÆÃ¸ÉÆÃªÀÄUÀ¼À PÁAiÀÄðZÀlÄªÀnPÉUÀ¼À 

ªÉÄÃ¯É zÁ½ ªÀiÁqÀ§®èzÀÄ.  2008 gÀ°è, ¥ÉÆæ. AiÉÆ£Àvï CªÀjUÉ 

CªÀgÀ F PÁAiÀÄðPÉÌ ¯ÁjAiÀÄ¯ï AiÀÄÄ£É¸ÉÆÌ ¥ÉæöÊeóï ¥sóÁgï ªÀÅªÉÄ£ï 

E£ï ¸ÉÊ£ïì ®©ü¹vÀÄ.  MAzÀÄ ªÀµÀðzÀ £ÀAvÀgÀ F ªÀÄÆgÀÄ ±Á¸ÀÛçdÕjUÉ 

£ÉÆÃ¨É¯ï ¥ÁjvÉÆÃµÀPÀ ®©ü¹vÀÄ.

•	 ¸ÀánPÀ ±Á¸ÀÛçªÀÅ ZÀªÀÄð ªÀÄvÀÄÛ DgÉÆÃUÀå GvÀà£ÀßUÀ¼ÀÄ, VqÀªÀÄÆ°PÉUÀ¼À 

¥ÀjºÁgÀUÀ¼ÀÄ ªÀÄvÀÄÛ C©üªÀÈ¢Þ zÀÈ¶Ö¬ÄAzÀ UÀÄtUÀ¼À£ÀÄß ªÀÄvÀÄÛ 

CAvÀªÀðzsÀPÀ ¸À¸ÀåUÀ¼À ¸ÀÜ½ÃAiÀÄ ¸À¸ÀåUÀ¼ÀÄ (EArÃf£À¸ï ¥ÁèAmïì) ªÀvÀð£É 

UÀÄgÀÄw¸À®Ä ¸ÀºÁAiÀÄPÁjAiÀiÁUÀ§®èzÀÄ.



C
ry

st
al

lo
gr

ap
hy

 m
at

te
rs

!

9

Who will bene�t from 
the International Year 
of Crystallography?

The Year will target governments

By interacting with them and advising on the design of policies which:

�nance the establishment and operation of at least one national crystallography 
centre per country;

develop cooperation with crystallography centres abroad, as well as with 
synchrotron and other large-scale facilities;

foster the use of crystallography in research and development;

foster research in crystallography;

introduce crystallography into school and university curricula, or modernize 
existing curricula.

In addition, a series of regional summit meetings are planned to highlight the 
di�culties in conducting �rst-rate scienti�c research in parts of the world and 
identify ways of overcoming these. The meetings will bring together countries that 
are divided by language, ethnicity, religion, or political factors, to delineate future 
perspectives for science, technology and related industrial development, and identify 
job opportunities.

The Year will target schools and universities

To introduce the teaching of crystallography where it is still absent, via, inter alia:

travelling laboratories prepared by the International Union of Crystallography 
which will demonstrate how di�ractometers work in countries in Asia, Africa and 
Latin America, in collaboration with di�ractometer manufacturers;

the ongoing Initiative in Africa for universities (see box overleaf), which will be 
intensi�ed and extended to countries in Asia and Latin America which lack 
crystallography teaching;

hands-on demonstrations and 
competitions in primary and 
secondary schools;

problem-solving projects for 
school pupils which use their 
knowledge of crystallography, 
physics and chemistry;

a travelling exhibition for 
schools and universities on 
Crystallography and Geometric 
Art in the Arabo-Islamic World, 
organized by the Moroccan 
Association of Crystallography (see 
box page 12). The exhibition will 
also demonstrate crystallization 
and X-ray di�raction using a 
portable di�ractometer.

In the past 20 years, the number of 
people with diabetes worldwide has 
risen from 30 million to 230 million, 
according to the International Diabetes 
Federation. Seven of the top ten 
countries for diabetes are in either 
developing countries or emerging 
economies, including China and India. 
In the Caribbean and Middle East, about 
20% of adults su�er from diabetes. 
Had the structure of natural insulin, 
produced by the pancreas, not been 
determined by X-ray crystallography, 
it would be impossible to manufacture 
the life-saving biosynthetic ‘human’ 
insulin today. Photo: Wikipedia
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¸ÀánPÀ±Á¸ÀÛçzÀ CAvÀgÀgÁ¶ÖçÃAiÀÄ ªÀµÀð¢AzÀ 

AiÀiÁjUÉ ¥ÀæAiÉÆÃd£À?
F ªÀµÀðzÁzÀåAvÀPÀÆÌ ««zsÀ ¸ÀgÀPÁgÀUÀ¼À£ÀÄß ¨sÉÃnªÀiÁr CªÀÅUÀ¼ÉÆA¢UÉ ¥ÀgÀ¸ÀàgÀ «ZÁgÀ 

«¤ªÀÄAiÀÄ¢AzÀ ºÁUÀÆ ºÀ«ÄäPÉÆ¼ÀÄîªÀ PÁAiÀÄðPÀæªÀÄUÀ½AzÀ PÉ¼ÀPÀAqÀ GzÉÞÃ±ÀUÀ¼À£ÀÄß 

¸Á¢ü¸À§ºÀÄzÁV.

•	 ¥ÀæwzÉÃ±ÀzÀ°è PÀ¤µÀ× MAzÀgÀAvÉ gÁ¶ÖçÃAiÀÄ ¸ÀánPÀ±Á¹ÛçÃAiÀÄ PÉÃAzÀæ (£Áå±À£À¯ï Qæ¸ÀÖ¯ÉÆèÃUÁæ¦üPï 

¸ÉAlgï) C£ÀÄß ¸ÁÜ¦¸À®Ä ªÀÄvÀÄÛ CzÀgÀ PÁAiÀiÁðZÀgÀuÉUÉ ºÀtPÁ¸ÀÄ MzÀV¸À®Ä;

•	 «zÉÃ±ÀUÀ¼À°è£À ¸ÀánPÀ±Á¸ÀÛçzÀ PÉÃAzÀæUÀ¼ÉÆA¢UÉ ºÁUÀÆ ¹APÉÆæÃmÉÆæÃ£ï ªÀÄvÀÄÛ EvÀgÀ zÉÆqÀØ 

¥ÀæªÀiÁtzÀ ¸Ë®¨sÀåUÀ¼ÉÆA¢UÉ ¸ÀºÀPÁgÀzÀ C©üªÀÈ¢ÞUÁV;

•	 ¸ÀA±ÉÆÃzsÀ£É ªÀÄvÀÄÛ C©üªÀÈ¢ÞAiÀÄ°è ¸ÀánPÀ±Á¸ÀÛçzÀ §¼ÀPÉAiÀÄ£ÀÄß GvÉÛÃf¸À®Ä;

•	 ¸ÀánPÀ±Á¸ÀÛçzÀ ¸ÀA±ÉÆÃzsÀ£É ¨ÉA§°¸À®Ä;

•	 ±Á¯É ªÀÄvÀÄÛ «±Àé «zÁå®AiÀÄzÀ ¥ÀoÀåPÀæªÀÄzÀ°è ¸ÀánPÀ±Á¸ÀÛç ¥ÀjZÀ¬Ä¸À®Ä, CxÀªÁ C¹ÛvÀézÀ°ègÀÄªÀ 

¥ÀoÀåPÀæªÀÄzÀ°è DzsÀÄ¤ÃPÀj¸ÀÄªÀ°è;

±Á¯ÉUÀ¼ÀÄ ªÀÄvÀÄÛ «±Àé«zÁå®AiÀÄUÀ¼ÀÄ ªÀµÀðzÀ UÀÄjUÀ¼ÁUÀÄvÀÛªÉ.

¸ÀánPÀ±Á¸ÀÛçzÀ ¨ÉÆÃzsÀ£ÉAiÀÄ£ÀÄß EvÀgÀ «µÀAiÀÄUÀ¼À £ÀqÀÄªÉ, ªÀÄÆ®PÀ, ¥ÀjZÀ¬Ä¸À®Ä;

•	 ¸ÀánPÀ±Á¸ÀÛçzÀ CAvÀgÀgÁ¶ÖçÃAiÀÄ MPÀÆÌl vÀAiÀiÁj¹zÀ ¥ÀæAiÉÆÃUÁ®AiÀÄUÀ¼À£ÀÄß vÉgÉzÀÄ C°è ºÉÃUÉ, 

r¥sóÁæ÷åPÉÆÖÃ«ÄÃlgï KµÁå, D¦üûæPÁ ªÀÄvÀÄÛ ¯Áån£ï CªÉÄÃjPÁzÀ°è PÁAiÀÄð ¤ªÀð»¸ÀÄwÛªÉ 

JAzÀÄ r¥sóÁæ÷åPÉÆÖÃ«ÄÃlgï vÀAiÀiÁgÀPÀgÉÆA¢UÉ PÉÊUÀÆr¹ ¥ÀæzÀ±Àð£À ªÀiÁqÀ®Ä;

•	 D¦üûæPÁ «±Àé«zÁå®AiÀÄUÀ¼À°è £ÀqÉAiÀÄÄwÛgÀÄªÀ vÉÆqÀUÀÄ«PÉ (E¤¶KnÃªï) C£ÀÄß (¹Ã ¨ÁPïì) 

E£ÀßµÀÄÖ wÃªÀæUÉÆ½¹ ¸ÀánPÀ±Á¸ÀÛçzÀ ¨ÉÆÃzsÀ£É PÀrªÉÄ EgÀÄªÀ KµÁå ªÀÄvÀÄÛ ¯Áån£ï CªÉÄÃjPÁUÉ 

«¸ÀÛj¸À®Ä;

•	 ¥ÁæxÀ«ÄPÀ ªÀÄvÀÄÛ ªÀiÁzsÀå«ÄPÀ ±Á¯ÉUÀ¼À°è vÀgÀ¨ÉÃw (ºÁåAqïì D£ï) ¥ÀæzÀ±Àð£ÀUÀ½UÉ CªÀPÁ±À 

ªÀiÁqÀÄªÀÅzÀÄ  ºÁUÀÆ ¸ÀàzsÉðUÀ¼À£ÀÄß K¥Àðr¸À®Ä;

•	 ±Á¯Á «zÁåyðUÀ¼À ¸ÀánPÀ±Á¸ÀÛçzÀ, ¨sËvÀ±Á¸ÀÛçzÀ, gÀ¸ÁAiÀÄ£À ±Á¸ÀÛçzÀ ªÀÄvÀÄÛ fÃªÀ±Á¸ÀÛçzÀ vÀªÀÄä 

eÁÕ£À §¼À¸ÀÄªÀ ¸ÀªÀÄ¸Éå ¥ÀjºÀj¸ÀÄªÀ AiÉÆÃd£ÉUÀ¼À°è;

PÀ¼ÉzÀ 20 ªÀµÀðzÀ°è CAvÀgÀgÁ¶ÖçÃAiÀÄ ªÀÄzsÀÄªÉÄÃAiÀÄ 

MPÀÆÌlzÀ (EAlgï £ÁåµÀ£À¯ï qÀAiÀiÁ©n¸ï 

¥sóÉqÀgÉÃµÀ£ï) ¥ÀæPÁgÀ ¥Àæ¥ÀAZÀzÀzÀåAvÀ ªÀÄzsÀÄªÉÄÃ»UÀ¼À 

¸ÀASÉå 30 «Ä°AiÀÄ£ï ¤AzÀ 230 «Ä°AiÀÄ£ÉÎ KjzÉ.  

ªÉÄÃzÉÆÃfÃgÀPÀ UÀæAy GvÀàwÛAiÀiÁUÀÄªÀ £ÉÊ¸ÀVðPÀ 

E£ÀÄì°£ï £À  gÀZÀ£ÉAiÀÄ£ÀÄß PÀë-QgÀt ¸ÀánPÀ±Á¸ÀÛçzÀ 

£ÉgÀ«¤AzÀ ¤zsÀðj¹®èªÁVzÀÝgÉ, EAzÀÄ fÃªÀ 

G½¸ÀÄªÀ eÉÊ«PÀ «±ÉèÃµÀuÉAiÀÄ ªÀiÁ£ÀªÀ E£ÀÄì°£ï 

vÀAiÀiÁj¸À®Ä C¸ÁzsÀåªÁUÀÄwÛvÀÄÛ.
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DEVELOPING CRYSTALLOGRAPHY AT AFRICAN UNIVERSITIES

One of the International Union of Crystallography’s 
main missions is to provide faculty and PhD students in 
developing countries with training in crystallography 
teaching and research methods.

In collaboration with South African universities and the 
South African Crystallographic Association, the Union 
has organized a number of courses over the past decade 
in English-speaking African countries. The partnership 
has also awarded a fellowship to two exceptional 
PhD students from Kenya, Serah Kimani (pictured) 
and Ndoria Thuku, to enable them to complete their 
theses in South Africa. Serah Kimani’s thesis involved 
determining as many as 40 crystal structures. She took 
up an appointment at the University of Cape Town in 
2012. Ndoria Thuku’s thesis involved determining the 
crystallographic structure of Rhodococcus rhodochrous, 
a bacterium used as a soil inoculant to promote plant 
health in agriculture and horticulture. Since graduating in 
2012, Dr Thuku has been a postdoctoral research fellow in 
the Division of Medical Biochemistry at the University of 
Cape Town.

In 2011, the International Union of Crystallography designed an ambitious programme for sub-Saharan African countries. 
Known as the Crystallography in Africa Initiative, the programme not only trains teaching sta� and PhD students in 
crystallography but also provides participating universities with di�ractometers worth between 80,000 and 150,000 euros 
each, in order to enable them to conduct international research. A key partner in this endeavour is Bruker France, a private 
enterprise which has agreed to supply di�ractometers in perfect working order to all the universities identi�ed by the 
Union. The Union covers the cost of delivering the di�ractometer to each university. In return, the recipient universities 
maintain the di�ractometer and cover the cost of related equipment, such as the computer and X-ray tube.

©Serah Kimani

Virus. You cannot design drugs without knowing the structure 
of  relevant proteins. © IUCr

The Year will target the general public

To increase awareness of the way in which crystallography 
underpins most of the technological developments in modern 
society but also its role in cultural heritage and art history, via:

public conferences organized by members of the 
International Union of Crystallography on themes like 
the paramount importance of protein crystal structures 
in drug design, crystallography and symmetry in art, or 
crystallographic analysis of artworks and ancient materials;

sponsorship of poster exhibitions highlighting the 
usefulness and marvels of crystallography;

the submission of articles to the press, television and other 
media on the contribution crystallography makes to the 
global economy.
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The �rst faculty sta� to be trained in how to use these instruments comes from the University of Dschang in Cameroon. 
Teaching sta� and PhD students were given an intensive 20-hour course in February 2012, in order to prepare them for the 
arrival of the di�ractometer the following year.

The Cameroon Crystallographic Association was founded at this time. The �edgling association ran its �rst course from 7 
to 13 April 2013 in Dschang. The course focused on how to use di�raction to determine crystalline structures and attracted 
24 professors and PhD students from universities across Cameroon and the wider sub-region. It was co�nanced by the 
International Union of Crystallography, Cameroon Crystallographic Association, University of Dschang and Bruker.

The next countries to bene�t from the 
initiative will be Côte d’Ivoire, Gabon and 
Senegal. One university is being targeted 
in each country. This university will in turn 
be expected to train sta� at other national 
universities and to act as a national 
crystallographic centre. Each national 
centre will be entitled to free access to the 
International Union of Crystallography’s 
specialist publications.

The International Union of 
Crystallography is currently contacting 
other sponsors, in order to generalize the 
Crystallography Initiative in Africa across 
the entire continent.

The International Year of Crystallography 
should also make it possible to extend the 
initiative to developing countries in Asia 
and Latin America.

For details:  
claude.lecomte@crm2.uhp-nancy.fr

Prof. Claude Lecomte, Vice-President of the IUCr, teaching a crystallography 
course at the University of Dschang in Cameroon in February 2012
© Patrice Kenfack/Cameroon Crystallographic Association

The Year will target the scienti�c 
community

To foster international collaboration between 
scientists worldwide, with an emphasis on 
North–South collaboration, via:

the launch of an open access journal on 
crystallography, which will be called IUCrJ;

joint research projects involving large 
synchrotron facilities in both developed and 
developing countries, such as the facility in Brazil 
or the SESAME facility in the Middle East, born of 
a UNESCO project (see photo page 14);

consultations to identify the best way to save all 
di�raction data collected in large-scale facilities 
and crystallography laboratories.

Cover of the �rst issue of the new open 
access journal, available at: www.iucrj.org
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F ªÀµÀð ¸ÁªÀðd¤PÀgÀ£ÀÄß UÀÄjAiÀiÁV¹PÉÆArzÉ.

DzsÀÄ¤PÀ ¸ÀªÀiÁdzÀ°è£À vÁAwæPÀ ¨É¼ÀªÀtÂUÉUÀ¼À£ÀÄß 

¸ÀánPÀ±Á¸ÀÛçªÀÅ §®¥Àr¸ÀÄªÀ vÀ£Àß ¥ÁvÀæzÀ §UÉÎ eÁUÀÈw 

ªÀÄÆr¸ÀÄªÀÅzÀ®èzÉ vÀ£Àß ¥ÁvÀæªÀ£ÀÄß ¸ÁA¸ÀÌöÈwPÀ ªÀÄvÀÄÛ PÀ¯ÉAiÀÄ 

EwºÁ¸ÀzÀ°è, F ªÀÄÆ®PÀ 

•	 CAvÀgÀgÁ¶ÖçÃAiÀÄ ¸ÀánPÀ±Á¸ÀÛçzÀ MPÀÆÌl (LAiÀÄÆ¹Dgï) 

CAiÉÆÃf¸ÀÄªÀ ¸ÁªÀðd¤PÀ ¸ÀªÀiÁªÉÃ±ÀUÀ¼À°è CvÀåAvÀ 

¥ÁæªÀÄÄRåvÉ¬ÄgÀÄªÀAvÀºÀ OµÀ¢ü «£Áå¸ÀzÀ°è£À 

¥ÉÆæÃnÃ£ï ¸ÀánPÀ ¸ÀAgÀZÀ£ÉUÀ¼ÀÄ ¸ÀánPÀ±Á¸ÀÛç ªÀÄvÀÄÛ 

PÀ¯ÉAiÀÄ°ègÀÄªÀ ¸ÀªÀÄgÀÆ¥ÀvÉ CxÀªÁ PÀ¯ÁPÀÈwUÀ¼À ªÀÄvÀÄÛ 

¥ÁæaÃ£À ªÀ¸ÀÄÛUÀ¼À ¸ÀánPÀ±Á¹ÛçÃAiÀÄ «±ÉèÃµÀuÉAiÀÄ°è 

vÉÆqÀUÀÄ«PÉ. 

•	 ¸ÀánPÀ±Á¸ÀÛçzÀ G¥ÀAiÀÄÄPÀÛvÉ ªÀÄvÀÄÛ CzÀÄãvÀUÀ¼À£ÀÄß 

¨É¼ÀQUÉ vÀgÀÄªÀ ¥ÉÆÃ¸ÀÖgï ¥ÀæzÀ±Àð£ÀUÀ¼À ¥ÁæAiÉÆÃdPÀvÉ.

•	 ¥ÀwæPÉ, zÀÆgÀzÀ±Àð£À ªÀÄvÀÄÛ EvÀgÀ ªÀiÁzsÀåªÀÄUÀ½UÉ 

eÁUÀwPÀ DyðPÀvÉUÉ ¸ÀánPÀ±Á¸ÀÛçzÀ PÉÆqÀÄUÉAiÀÄ §UÉÎ 

¯ÉÃR£ÀUÀ¼À ¸À°èPÉ.

F ªÀµÀðªÀÅ ªÉÊeÁÕ¤PÀ ¸ÀªÀÄÄzÁAiÀÄªÀ£ÀÄß UÀÄjAiÀiÁVj¹PÉÆ¼ÀÄîvÀÛzÉ. 
«±ÀézÁzÀåAvÀ «eÁÕ¤UÀ¼À £ÀqÀÄªÉ CAvÀgÀgÁ¶ÖçÃAiÀÄ ¸ÀºÀAiÉÆÃUÀ ¨É¼É¸ÀÄªÀ GvÀÛgÀ-zÀQët 

¸ÀºÀAiÉÆÃUÀzÉÆA¢UÉ F ªÀÄÆ®PÀ:

Virus. You cannot design a drug without 
knowing the structure of relevant protein

•	 LAiÀÄÆ¹Dgï JA§ ¸ÀánPÀ±Á¸ÀÛçzÀ ªÀÄÄPÀÛ 

¥ÀæªÉÃ±À (N¥É£ï DPÉì¸ï) ¥ÀwæPÉ (d£Àð¯ï) 

AiÀÄ ©qÀÄUÀqÉ.

•	 zÉÆqÀØ ¹APÉÆæmÉÆæÃ£ï ¸Ë®¨sÀåUÀ¼À£ÀÄß 

M¼ÀUÉÆAqÀ dAn ¸ÀA±ÉÆÃzsÀ£Á 

AiÉÆÃd£ÉUÀ¼À£ÀÄß C©üªÀÈ¢ÞºÉÆA¢zÀ ºÁUÀÆ 

C©üªÀÈ¢Þ ºÉÆAzÀÄwÛgÀÄªÀ zÉÃ±ÀUÀ¼À°è 

GzÁºÀgÀuÉUÉ ¨ÉæÃfû¯ï £À°è£À ¸Ë®¨sÀå 

CxÀªÁ ªÀÄzsÀå ¥ÁæZÀåzÀ°è AiÀÄÄ£É¸ÉÆÌÃ 

AiÉÆÃd£É ºÀÄlÄÖ ºÁQzÀ ¸É¸ÉÃªÀiï ¸Ë®¨sÀåzÀ 

§¼ÀPÉ.

•	 zÉÆqÀØ ¥ÀæªÀiÁtzÀ ¸Ë®¨sÀåUÀ¼À£ÀÄß ªÀÄvÀÄÛ 

¸ÀánPÀ±Á¸ÀÛçzÀ ¥ÀæAiÉÆÃUÁ®AiÀÄUÀ¼À°è 

¸ÀAUÀæ»¹zÀ J¯Áè «ªÀvÀð£É qÉÃmÁªÀ£ÀÄß 

G½¸ÀÄªÀ GvÀÛªÀÄ ªÀiÁUÀðUÀ¼À£ÀÄß UÀÄgÀÄw¸ÀÄªÀ 

¸ÀªÀiÁ¯ÉÆÃZÀ£ÉUÀ¼ÀÄ.
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PÀ¯É ªÀÄvÀÄÛ ªÁ¸ÀÄÛ²®àzÀ°è 

¸ÀªÀÄgÀÆ¥ÀvÉ ªÀiÁ£ÀªÀ£À ªÀÄÄR, ºÀÆªÀÅ, 

«ÄÃ£ÀÄ, amÉÖ (¥ÁvÀgÀVwÛ) CxÀªÁ 

¤fÃðªÀ ªÀ¸ÀÄÛªÁzÀ PÀ¥Éàa¥ÀÄà, 

J®èªÀÇ ¥ÀæPÀÈwAiÀÄ ¸ÀªÀÄgÀÆ¥ÀvÉUÉ 

¤zÀ±Àð£ÀªÁUÀÄvÀÛzÉ.  £ÁUÀjÃPÀ 

¸ÀªÀiÁd EzÀjAzÀ DPÀ¶ðvÀgÁV, 

CªÀgÀ PÀ¯É ªÀÄvÀÄÛ ªÁ¸ÀÄÛ 

²®àUÀ¼À°è ¸Á«gÁgÀÄ ªÀµÀðUÀ½AzÀ 

¸ÀªÀÄgÀÆ¥ÀvÉAiÀÄ£ÀÄß ¥Àæw©A©¸À¯ÁVzÉ.

¸ÀªÀÄgÀÆ¥ÀvÉ ªÀiÁ£ÀªÀ£À 

¸ÀÈd£À²Ã®vÉAiÀÄ°è C©üªÀåPÀÛUÉÆArzÉ 

- dªÀÄSÁ£É ªÀÄvÀÄÛ PÀA§½, 

PÀÄA¨ÁjPÉ, ¦AUÁtÂ, avÀæPÀ¯É, 

PÁªÀå, ²®àPÀ¯É, ªÁ¸ÀÄÛ²®à, ¸ÀÄAzÀgÀ 

°¦ (PÁå°UÁæ¦ü) EvÁå¢UÀ¼ÀÄ.  

GzÁºÀgÀuÉUÉ, aÃ¤ ªÀtðªÀiÁ¯ÉAiÀÄ°è 

¸ÀªÀÄgÀÆ¥ÀvÉAiÀÄ£ÀÄß PÁt§ºÀÄzÀÄ.

PÀ¯É ªÀÄvÀÄÛ ªÁ¸ÀÄÛ²®à ©ü£ÀßªÁzÀ 

¸ÀªÀÄgÀÆ¥ÀvÉAiÀÄ£ÀÄß ¥Àæw¥Á¢¸ÀÄvÀÛzÉ.  

AiÀiÁªÀÅzÉÃ MAzÀÄ £ÀªÀÄÆ£É 

C¤¢ðµÀÖªÁV ¥ÀÄ£ÀgÁªÀwð¸ÀÄvÀÛzÉÆ, 

¸ÀªÀÄgÀÆ¥ÀvÉAiÀÄ C£ÀÄªÁzÀªÀ£ÀÄß 

¥ÀæzÀ²ð¸ÀÄvÀÛzÉ.  CzÀÄ MAzÀÄ 

DAiÀiÁªÀÄªÁV, UÉÆÃqÉ 

avÀæUÀ¼ÁVgÀ§ºÀÄzÀÄ CxÀªÁ JgÀqÀÄ 

DAiÀiÁªÀÄªÁV E°è awæ¹gÀÄªÀ 

gÉPÉÌAiÀÄÄ¼Àî ¥ÁætÂAiÀiÁVgÀ§ºÀÄzÀÄ.

¢é¥ÀQëÃAiÀÄ ¸ÀªÀÄgÀÆ¥ÀvÉAiÀÄ°è, 

JqÀ ªÀÄvÀÄÛ §® ¨sÁUÀUÀ¼ÀÄ 

¥ÀgÀ¸ÀàgÀ ¥Àæw©A§ªÁVgÀÄvÀÛzÉ.  

¥ÀæPÀÈwAiÀÄ°ègÀÄªÀ ¥ÁvÀgÀVwÛ EzÀ-

PÉÌ ¸ÀÆPÀÛ GzÁºÀgÀuÉ.  ¢é¥ÀQëÃAiÀÄ 

¸ÀªÀÄgÀÆ¥ÀvÉ ªÁ¸ÀÄÛ²®àzÀ°è 

¸ÁªÀiÁ£Àå ®PÀëtªÁVzÉ, LwºÁ¹PÀ 

vÁtªÁzÀ ¨sÁgÀvÀzÀ vÁeï ªÀÄºÀ¼ï, 

Symmetry in art and architecture

Chinese symbol for happiness, 
pronounced shuangxi    
Photo: Wikipedia

Taj Mahal, India, completed in 
1648, today a UNESCO World 
Heritage property
Photo: Muhammad Mahdi 
Karim/Wiki Commons

Mayan temple in Chichen Itza 
in Mexico, which flourished 
from about 600 to 900 CE, today 
a UNESCO World Heritage 
property
©S. Schneegans/UNESCO

Yoruba bronze head from the Ni-
gerian city of Ife, 12thcentury CE
Photo: Wikipedia

Two-dimensional imageby Mau-
rits Cornelis Escher (Netherlands)
©MCEscher Foundation

Kolams like this one in Tamil 
Nadu are drawn in rice powder or 
chalk in front of homes to bring 
prosperity. They can be renewed 
daily.

Mayan temple in Chichen Itza in Mexico, which �ourished from about 
600 to 900 CE, today a UNESCO World Heritage property 
© S. Schneegans/UNESCO

SYMMETRY IN ART AND ARCHITECTURE

Be it a human face, a �ower, a �sh, a butter�y – or a non-living object like a seashell –, symmetry pervades the natural world. It has 
always fascinated human civilizations, which have re�ected symmetry in their art and architecture for thousands of years.

Symmetry can be found in all human expressions of creativity: carpets and rugs, pottery, ceramics, 
drawing, painting, poetry, sculpture, architecture, calligraphy, etc. There is symmetry in the Chinese 
alphabet, for instance. Symmetry in Chinese art and architecture is a manifestation of the Chinese 
philosophy of seeking harmony through balance. 

Art and architecture may demonstrate di�erent forms of symmetry.  
A pattern that repeats itself inde�nitely is said to show 

translational symmetry. It can be one-dimensional like 
the frieze below, or two-dimensional like the winged 

animals in the image here.

In bilateral symmetry, the left and right sides are 
mirror images of one another. One example in 
nature is a butter�y. Bilateral symmetry has 
always been a common feature of architecture, 
historic examples being the Taj Mahal in 
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although perfect symmetry in painting is rare.
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of Australian Aborigines and Tibetan mandalas. 

Chinese 
symbol for 
happiness, 
pronounced 
shuangxi

Yoruba bronze head from the 
Nigerian city of Ife, 12th century CE
Photo: Wikipedia

Two-dimensional image by Maurits Cornelis Escher (Netherlands)
© M C Escher Foundation

Taj Mahal, India, completed in 1648, today a UNESCO World 
Heritage property
Photo: Muhammad Mahdi Karim/Wikipedia

Cr
ys

ta
llo

gr
ap

hy
 m

at
te

rs
!

12

Mayan temple in Chichen Itza in Mexico, which �ourished from about 
600 to 900 CE, today a UNESCO World Heritage property 
© S. Schneegans/UNESCO

SYMMETRY IN ART AND ARCHITECTURE

Be it a human face, a �ower, a �sh, a butter�y – or a non-living object like a seashell –, symmetry pervades the natural world. It has 
always fascinated human civilizations, which have re�ected symmetry in their art and architecture for thousands of years.

Symmetry can be found in all human expressions of creativity: carpets and rugs, pottery, ceramics, 
drawing, painting, poetry, sculpture, architecture, calligraphy, etc. There is symmetry in the Chinese 
alphabet, for instance. Symmetry in Chinese art and architecture is a manifestation of the Chinese 
philosophy of seeking harmony through balance. 

Art and architecture may demonstrate di�erent forms of symmetry.  
A pattern that repeats itself inde�nitely is said to show 

translational symmetry. It can be one-dimensional like 
the frieze below, or two-dimensional like the winged 

animals in the image here.

In bilateral symmetry, the left and right sides are 
mirror images of one another. One example in 
nature is a butter�y. Bilateral symmetry has 
always been a common feature of architecture, 
historic examples being the Taj Mahal in 
India (pictured), the Forbidden City in China or 
the Mayan temple of Chichen Itza in Mexico 
(pictured). Bilateral symmetry is also common in art, 
although perfect symmetry in painting is rare.

If a �gure can be 
rotated about its axis or 

a particular point without 
changing the way it looked 

originally, it is said to show 
rotational symmetry. The pyramids 

of Giza in Egypt, for instance, show 
rotational symmetry of order four (including 

the base). The interior of the dome of the Lotfollah Mosque in Iran 
(pictured) shows rotational symmetry of order 32, starting around the 
point located at the centre of the �gure.

Geometric patterns have pervaded the art of many civilizations. 
Examples are the sand paintings of the Navajo Indians in North America, 
the kolam of south India (pictured), Indonesian batik (tie-dyeing), the art 
of Australian Aborigines and Tibetan mandalas. 

Chinese 
symbol for 
happiness, 
pronounced 
shuangxi

Yoruba bronze head from the 
Nigerian city of Ife, 12th century CE
Photo: Wikipedia

Two-dimensional image by Maurits Cornelis Escher (Netherlands)
© M C Escher Foundation

Taj Mahal, India, completed in 1648, today a UNESCO World 
Heritage property
Photo: Muhammad Mahdi Karim/Wikipedia

Cr
ys

ta
llo

gr
ap

hy
 m

at
te

rs
!

12

Mayan temple in Chichen Itza in Mexico, which �ourished from about 
600 to 900 CE, today a UNESCO World Heritage property 
© S. Schneegans/UNESCO

SYMMETRY IN ART AND ARCHITECTURE

Be it a human face, a �ower, a �sh, a butter�y – or a non-living object like a seashell –, symmetry pervades the natural world. It has 
always fascinated human civilizations, which have re�ected symmetry in their art and architecture for thousands of years.

Symmetry can be found in all human expressions of creativity: carpets and rugs, pottery, ceramics, 
drawing, painting, poetry, sculpture, architecture, calligraphy, etc. There is symmetry in the Chinese 
alphabet, for instance. Symmetry in Chinese art and architecture is a manifestation of the Chinese 
philosophy of seeking harmony through balance. 

Art and architecture may demonstrate di�erent forms of symmetry.  
A pattern that repeats itself inde�nitely is said to show 

translational symmetry. It can be one-dimensional like 
the frieze below, or two-dimensional like the winged 

animals in the image here.

In bilateral symmetry, the left and right sides are 
mirror images of one another. One example in 
nature is a butter�y. Bilateral symmetry has 
always been a common feature of architecture, 
historic examples being the Taj Mahal in 
India (pictured), the Forbidden City in China or 
the Mayan temple of Chichen Itza in Mexico 
(pictured). Bilateral symmetry is also common in art, 
although perfect symmetry in painting is rare.

If a �gure can be 
rotated about its axis or 

a particular point without 
changing the way it looked 

originally, it is said to show 
rotational symmetry. The pyramids 

of Giza in Egypt, for instance, show 
rotational symmetry of order four (including 

the base). The interior of the dome of the Lotfollah Mosque in Iran 
(pictured) shows rotational symmetry of order 32, starting around the 
point located at the centre of the �gure.

Geometric patterns have pervaded the art of many civilizations. 
Examples are the sand paintings of the Navajo Indians in North America, 
the kolam of south India (pictured), Indonesian batik (tie-dyeing), the art 
of Australian Aborigines and Tibetan mandalas. 

Chinese 
symbol for 
happiness, 
pronounced 
shuangxi

Yoruba bronze head from the 
Nigerian city of Ife, 12th century CE
Photo: Wikipedia

Two-dimensional image by Maurits Cornelis Escher (Netherlands)
© M C Escher Foundation

Taj Mahal, India, completed in 1648, today a UNESCO World 
Heritage property
Photo: Muhammad Mahdi Karim/Wikipedia

Cr
ys

ta
llo

gr
ap

hy
 m

at
te

rs
!

12

Mayan temple in Chichen Itza in Mexico, which �ourished from about 
600 to 900 CE, today a UNESCO World Heritage property 
© S. Schneegans/UNESCO

SYMMETRY IN ART AND ARCHITECTURE

Be it a human face, a �ower, a �sh, a butter�y – or a non-living object like a seashell –, symmetry pervades the natural world. It has 
always fascinated human civilizations, which have re�ected symmetry in their art and architecture for thousands of years.

Symmetry can be found in all human expressions of creativity: carpets and rugs, pottery, ceramics, 
drawing, painting, poetry, sculpture, architecture, calligraphy, etc. There is symmetry in the Chinese 
alphabet, for instance. Symmetry in Chinese art and architecture is a manifestation of the Chinese 
philosophy of seeking harmony through balance. 

Art and architecture may demonstrate di�erent forms of symmetry.  
A pattern that repeats itself inde�nitely is said to show 

translational symmetry. It can be one-dimensional like 
the frieze below, or two-dimensional like the winged 

animals in the image here.

In bilateral symmetry, the left and right sides are 
mirror images of one another. One example in 
nature is a butter�y. Bilateral symmetry has 
always been a common feature of architecture, 
historic examples being the Taj Mahal in 
India (pictured), the Forbidden City in China or 
the Mayan temple of Chichen Itza in Mexico 
(pictured). Bilateral symmetry is also common in art, 
although perfect symmetry in painting is rare.

If a �gure can be 
rotated about its axis or 

a particular point without 
changing the way it looked 

originally, it is said to show 
rotational symmetry. The pyramids 

of Giza in Egypt, for instance, show 
rotational symmetry of order four (including 

the base). The interior of the dome of the Lotfollah Mosque in Iran 
(pictured) shows rotational symmetry of order 32, starting around the 
point located at the centre of the �gure.

Geometric patterns have pervaded the art of many civilizations. 
Examples are the sand paintings of the Navajo Indians in North America, 
the kolam of south India (pictured), Indonesian batik (tie-dyeing), the art 
of Australian Aborigines and Tibetan mandalas. 

Chinese 
symbol for 
happiness, 
pronounced 
shuangxi

Yoruba bronze head from the 
Nigerian city of Ife, 12th century CE
Photo: Wikipedia

Two-dimensional image by Maurits Cornelis Escher (Netherlands)
© M C Escher Foundation

Taj Mahal, India, completed in 1648, today a UNESCO World 
Heritage property
Photo: Muhammad Mahdi Karim/Wikipedia

Cr
ys

ta
llo

gr
ap

hy
 m

at
te

rs
!

12

One-dimensional frieze 
Image: Moroccan Crystallographic Association

Al-Attarine Madrasa (school) in Fez, Morocco, a World Heritage property. It was built by 
the Marinid Sultan Uthman II Abu Said in 1323−1325.
© A. Thalal

Shadow Play by Bridget Riley, UK, 1990
Photo: Wikipedia

Dome-shaped ceiling of the Lotfollah Mosque in Iran, completed 
in 1618, today a UNESCO World Heritage property
Photo: Phillip Maiwald/Wikipedia

Kolams like this one in Tamil Nadu are drawn in rice powder or chalk 
in front of homes to bring prosperity. They can be renewed daily. 
Photo: Wikipedia

Islamic civilizations from about the 7th century onwards 
used geometric patterns in mosaics and other art 
forms to connect spirituality visually with science and 
art. Islamic art may have inspired the Western school 
of geometric abstraction of the 20th century, two 
proponents of which were Maurits Cornelis Escher and 
Bridget Riley (pictured). Escher was reputedly inspired by 
a visit to the Moorish palace of Alhambra in Spain.

Throughout 2014, the Moroccan Crystallographic 
Association is organizing a travelling exhibition on 
Crystallography and Geometric Art in the Arabo-Islamic 
World. For details, write to: 
Abdelmalek Thalal: abdthalal@gmail.com
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aÃ£ÁzÀ ¥sÀ©ðqÀ£ï ¹n, CxÀªÁ 

ªÉÄQìPÉÆÃzÀ°ègÀÄªÀ ªÀiÁAiÀÄ£ï 

zÉÃªÀ¸ÁÜ£À ZÉZÉ¤lÖ (awæ¸À¯ÁVzÉ).

¢é¥ÀQëÃAiÀÄ ¸ÀªÀÄgÀÆ¥ÀvÉ PÀ¯ÉAiÀÄ®Æè 

¸ÀºÀ ¸ÁªÀiÁ£ÀåªÁzÀgÀÆ, avÀæPÀ¯ÉAiÀÄ°è 

¸ÀA¥ÀÆtðªÁVgÀÄªÀÅzÀÄ C¥ÀgÀÆ¥À.

AiÀiÁªÀ MAzÀÄ DPÀÈw vÀ£Àß PÀPÉëAiÀÄ°è 

CxÀªÀ ¤¢ðµÀÖ ©AzÀÄ«£À°è 

wgÀÄV¹zÁUÀ vÀ£Àß ªÀÄÆ® jÃwAiÀÄ£ÀÄß 

§zÀ°¸ÀzÉÃ EgÀÄvÀÛzÉÆÃ, CzÀÄ 

¥Àj¨sÀæªÀÄt ¸ÀªÀÄgÀÆ¥ÀvÉAiÀÄ£ÀÄß 

¥ÀæzÀ²ð¸ÀÄvÀÛzÉ.  Ff¥ïÖ £À 

VÃeÁ ¦gÀ«Äqï UÀ¼ÀÄ 4 ±ÉæÃtÂAiÀÄ 

¥Àj¨sÀæªÀÄt ¸ÀªÀÄgÀÆ¥ÀvÉAiÀÄ 

MAzÀÄ ¤zÀ±Àð£À.  EgÁ¤£À°ègÀÄªÀ 

¯ÉÆl¥sÉÆ®èzÀ ªÀÄ¹Ã¢AiÀÄ UÀÄªÀÄälzÀ 

M¼ÁAUÀt 32 ±ÉæÃtÂAiÀÄ ¥Àj¨sÀæªÀÄt 

¸ÀªÀÄgÀÆ¥ÀvÉAiÀÄ DPÀÈwAiÀÄÄ PÉÃAzÀæ 

©AzÀÄ«¤AzÀ ¥ÁægÀA¨sÀªÁUÀÄvÀÛzÉ.

ZÁå«ÄwÃAiÀÄ (eÉÆªÉÄnæ) ªÀiÁzÀj 

ºÀ®ªÀÅ £ÁUÀjÃPÀvÉ UÀ¼À PÀ¯ÉAiÀÄ£ÀÄß 

ªÁå¦¹zÉ.  GzÁºÀgÀuÉUÀ¼ÀÄ: £ÀªÀeï 

EArAiÀÄ£ÀßgÀ ªÀÄgÀ½£À avÀæPÀ¯É, zÀQët 

¨sÁgÀvÀzÀ gÀAUÉÆÃ° (awæ¸À¯ÁVzÉ), 

EAqÉÆÃ£ÉÃ¶AiÀiÁzÀ ¨ÁnPï, 

D¸ÉÖçÃ°AiÀiÁzÀ D¢ªÁ¹UÀ¼À PÀ¯É, 

ªÀÄvÀÄÛ n¨ÉnAiÀÄ£ï gÀ ZÀPÀæ CxÀªÁ 

ªÀÄAqÀ®UÀ¼ÀÄ.

Dome-shaped ceiling of the 
Lotfollah Mosque in Iran, com-
pleted in 1618, today a UNESCO 
World Heritage property
©Phillip Maiwald/Wikipedia

Five Deity Mandala from Tibet, 
17th century CE; mandala paint-
ings always have a circle at their 
centre (mandala means circle 
in Sanskrit). Mandalas have 
spiritual significance in the Hindu 
and Buddhist religions.    Source: 
Wikipedia Commons
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To participate in the 
International Year of Crystallography
The 195 Member States of UNESCO are invited to contact UNESCO’s team within the International Basic Sciences 
Programme (IBSP) or the International Union of Crystallography, in order to put together a programme for 
implementation in their country in 2014.

Crystallography helps to determine the ideal combination 
of aluminium and magnesium in alloys used in aeroplane 
manufacture. Too much aluminium and the plane will be too 
heavy, too much magnesium and it will be more �ammable.
© Shutterstock/IM_photo

The programme of events for the Year and relevant teaching 
resources are available from the o�cial website:

International Union of Crystallography

Prof. Gautam Desiraju, 
President: desiraju@sscu.iisc.ernet.in

Prof. Claude Lecomte,  
Vice-President: claude.lecomte@crm2.uhp-nancy.fr

Dr Michele Zema, 
Project Manager for the Year: mz@iucr.org

UNESCO

Prof. Maciej Nalecz, Director, 
Executive Secretary of International Basic Sciences 
Programme: m.nalecz@unesco.org

Dr Jean-Paul Ngome Abiaga, Assistant Programme 
Specialist: jj.ngome-abiaga@unesco.org

Dr Ahmed Fahmi, 
Programme Specialist: a.fahmi@unesco.org
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For more information on the International Year of Crystallography:

International Union of Crystallography

Prof. Gautam Desiraju, 

President: desiraju@sscu.iisc.ernet.in

Prof. Claude Lecomte,  

Vice-President: claude.lecomte@crm2.uhp-nancy.fr

Dr Michele Zema, 

Project Manager for the Year: mz@iucr.org

UNESCO

Prof. Maciej Nalecz, Director, 

Executive Secretary of International Basic Sciences 

Programme: m.nalecz@unesco.org

Dr Jean-Paul Ngome Abiaga, 

Assistant Programme Specialist: jj.ngome-abiaga@unesco.org

Dr Ahmed Fahmi, 
Programme Specialist: a.fahmi@unesco.org

www. iycr2014 .org


