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The study of chromatic symmetries to describe physical properties of crystals and mapping of individual orientations in twins has 

extended the field of mathematical crystallography. This paper discusses chromatic, partially chromatic or achromatic properties of 

symmetries or partial operations of a coordinated coloring of a symmetrical pattern, which has a potential to describe a crystalline 

structure. Here, we consider a symmetrical pattern 𝒫 consisting of disjoint congruent copies of a symmetrical motif ℳ.  

A coordinated coloring of 𝒫 is a coloring that is perfect and transitive under the global symmetry group 𝐺 of 𝒫, satisfying the condition 

that the coloring of ℳ is also perfect and transitive under its symmetry group 𝐾 (a local symmetry group).  This means that 𝐺 and 𝐾 

consists of elements that effect a permutation of the colors of the coloring of 𝒫 and ℳ respectively. If the coloring of 𝒫 or ℳ has two 

(respectively more than two) colors, then 𝐺 or 𝐾 is called a dichromatic (respectively polychromatic) symmetry group. 

A global symmetry, a local symmetry, or a partial operation (an isometry of the plane that sends one motif to another, which may not 

be a global or local symmetry of 𝒫) of a coordinated coloring of 𝒫 can be classified as either achromatic if it fixes all the colors; 

chromatic if it moves all the colors, and partially chromatic if it exchanges some colors, and fixes the rest [2]. 

As an example, consider the coordinated 4 – coloring of 𝒫 given in Figure 1. Each region in every motif is assigned a color from the set 

𝑆 = {𝑏𝑙𝑢𝑒, 𝑦𝑒𝑙𝑙𝑜𝑤, 𝑟𝑒𝑑, 𝑔𝑟𝑒𝑒𝑛}. Every element of 𝐺 =< 2 0,0; 𝑚[10]; 𝑚[01]; 𝑧(1,0) >≅ p2mm (a polychromatic symmetry group) 

permutes the colors in the 4 – coloring of 𝒫. We also note that in this coloring, every element of 𝐾 =< 4+ 0,0; 𝑚[10] >≅ 4𝑚𝑚 permutes 

the colors assigned to the triangles in the motif ℳ. The dichromatic group of ℳ is 4′𝑚𝑚′: we have the 90𝑜 rotation and two reflections 

that change colors, while two reflections fix colors. The dichromatic group of each of the other motifs is also 4′𝑚𝑚′. 

The local chromatic symmetries of 𝑀 exchanging blue and red are 4′+
, 4′, 𝑚[11]

′ , and 𝑚[11̅]
′ . On the other hand, the local achromatic 

symmetries of 𝑀 fixing the colors blue and red are 2, 𝑚[10], and 𝑚[01]. The global symmetries in 𝒫 can be characterized as: 𝑧(4)(1,0) 

(chromatic) sending blue to yellow, yellow to red, red to green, and green to blue; 2(2,2)0, 0, and 𝑚[01]
(2,2)

 (partially chromatic) exchanging 

yellow and green, and fixing red and blue; and 𝑚[10] (achromatic) fixing all the colors. The 4-coloring of the frieze pattern is described 

by the group [𝑝(4)2(2,2)𝑚(2,2)𝑚]
(4)

. The chromatic partial operations that map 𝑀 to 𝑧𝑀 are also shown in Figure 1. Sending blue to 
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Figure 1. Partial operations relating 𝑀 to 𝑧𝑀. 

In this talk, examples of coordinated colorings of Frieze and Plane Crystallographic patterns will be presented. 
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