Two crystalline forms of sarcosine sarcosinium hydrogen L-tartrate 
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In continuation of our work on salts of amino acids with dimeric cations [1] we have investigated some new crystalline salts of sarcosine with sarcosine sarcosinium dimeric cation: (Sar···Sar+)Cl–, (Sar···Sar+)Br– [2], (Sar···Sar+)I– [3], (Sar···Sar+)BF4–, (Sar···Sar+)ClO4– [4], (Sar···Sar+)NO3– [5]. With this contribution, we present our results on the system sarcosine + L-tartaric acid + H2O. In particular, we wanted to find out if salts with dimeric cation of the type Sar···Sar+ (as have been established in other sarcosine salts [2-5]) could be found in this system. 

In addition to the previously reported crystal sarcosinium hydrogen L-tartrate (I) [6], we have identified two new phases (II) and (III), which turned out to be polymorphs of sarcosine sarcosinium hydrogen L-tartrate (Table 1). Both phases were investigated by means of single crystal XRD and vibrational spectroscopy, and found to contain a zwitter-ionic sarcosine, a sarcosinium cation, and a hydrogen L-tartrate anion in the asymmetric unit, i.e., they represent a 2:1 ratio of constituents. It is worth noticing that both species crystallize in the same symmetry, viz. the orthorhombic space group P212121, but have a different arrangement of building units. 
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The expected dimeric Sar···Sar+ cation was found in phase (III) only, whereas in (II) the sarcosinium cation forms a strong O–H···O hydrogen with the carboxylate group of the hydrogen L-tartrate anion bond (O···O distance of 2.4553(15) Å). The carboxyl group of the anion forms in turn an O–H···O bond towards the carboxylate group of the third molecule in the asymmetric unit, viz. the sarcosine zwitter-ion (O···O distance of 2.5065(14) Å, Fig. 1). In contrast, the building unit in (III) are said dimeric sarcosine sarcosinium cations (O···O distance of to 2.512(3) Å) as well as the hydrogen L-tartrate anions, forming hydrogen bonded infinite
Fig. 1. Crystal structures of forms (II, left) and (III, right) of sarcosine sarcosinium hydrogen L-tartrate. Note the differences in arrangement and conformation.
chains (O···O distances between carboxyl and carboxylate groups of to 2.510(2) Å). In addition, one more phase (IV) was identified by its infrared spectrum without structure determination.

Concluding, we found that the system sarcosine + L-tartaric acid + H2O contains at least four phases, three of which have been characterized structurally. In addition to the previously known species (I) Sar+·L-tartrate–, two 2:1 compounds were found, which have the same symmetry but different arrangements of constituents, i.e., Sar+···L-tartrate–···Sar (II) and (Sar···Sar+)·L-tartrate– (III). This pair of crystals represents an example of dimorphism where both structures have the same space group and comparable unit cell size (as can be seen by the value of Z). Such examples are rare, but have been found before (e.g. [7, 8]). 
Table 1. Crystal data for two forms (II and III) of sarcosine sarcosinium hydrogen L-tartrate, compared with sarcosinium hydrogen L-tartrate (I) [6]. All sets measured at ambient conditions.
	Phase
	(I)
	(II)
	(III)

	Empirical formula
	C7H13NO8
	C10H20N2O10
	C10H20N2O10

	Crystal system
	Triclinic
	Orthorhombic
	Orthorhombic

	Space group
	P1
	P212121
	P212121

	a (Å)
	5.0038(15)
	9.581(2)
	6.0518(5)

	b (Å)
	6.442(2)
	9.809(2)
	13.8637(11)

	c (Å)
	8.3179(11)
	15.811(3)
	17.4678(12)

	  α (°)
	78.60(2)
	90
	90

	  β (°)
	80.62(2)
	90
	90

	  γ (°)
	79.80(2)
	90
	90

	  V (Å3)
	256.4(11)
	1486.0(5)
	1465.6(2)

	Z
	1
	4
	4
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