
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Kiel diagram (Teff vs. log(g)) of the stars using stellar parameters from spectroscopic analysis with an overlay of metallicity. The three dashed lines represent the stellar isochrones with ages of 3 Gyr (blue), 5 Gyr (orange), and 7 Gyr (green), and a metallicity of −0.1 dex.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Comparison of the stellar parameters (Teff, log(g), and [Fe/H]) with literature sources for Massarotti et al. (2008), Koleva & Vazdekis (2012), Jofré et al. (2015), Feuillet et al. (2016), Brewer et al. (2016), Ghezzi et al. (2018), Deka-Szymankiewicz et al. (2018), Abia et al. (2021). The black line represents the y = 0 line. In all three panels, each colour represents a specific study, as described in the legend.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Fitting of the OH band at 1.5 and 1.6 μm in HD 218330. The observed spectrum is shown in black, and the synthetic spectra of different oxygen abundances are shown in blue ([O/Fe] = 0.2 dex), orange ([O/Fe] = 0.4 dex), and green ([O/Fe] = 0.6 dex). The vertical dashed black line shows the OH lines considered for the abundance analysis. The best-fit line is shown in orange with O = 0.40 dex.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Offset and scatter in the line-by-line abundance of α- and Fe-peak elements. The y-axis represents the mean of the standard deviation of the line-by-line abundance (average abundance from all the lines – abundance from the line). The colour represents the scatter of the standard deviation in different stars. The black line represents the offset limit of the mean, beyond which the line is discarded.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Fitting of the HF line at 23 358 Å in 78 Cnc. The observed spectrum is shown in black, and synthetic spectra with a varying fluorine abundance are shown in different colours. The best-fit abundance for fluorine is 0.5 dex (dashed green line).

      

    

  
    
      Table 6. 

      Sensitive matrix with different elements for the optical and IR region of the representative star (HD 218330).

      
        


	
	Teff
	log(g)
	[Fe/H]
	ξmic



	
	(+100 K)
	(+0.30 dex)
	(+0.13 dex)
	(+0.10 km s−1)





	Optical



	




	A(C)
	+0.01
	+0.08
	+0.09
	+0.01



	A(N)
	+0.05
	+0.10
	+0.09
	+0.01



	A(O)
	+0.05
	+0.05
	+0.03
	+0.05



	A(Mg)
	+0.05
	+0.00
	+0.01
	–0.02



	A(Si)
	–0.02
	+0.07
	+0.03
	–0.02



	A(Ca)
	+0.10
	–0.01
	–0.01
	–0.02



	A(Ti I)
	+0.15
	0.00
	–0.01
	–0.02



	A(Ti II)
	–0.01
	+0.13
	+0.04
	–0.04



	A(Ni)
	+0.02
	+0.06
	+0.02
	–0.02



	A(Cr)
	+0.10
	–0.01
	–0.01
	–0.03



	A(Y)
	+0.05
	+0.10
	+0.06
	+0.05



	A(Fe I)
	+0.07
	+0.03
	+0.02
	–0.04



	A(Fe II)
	–0.08
	+0.16
	+0.05
	–0.04



	




	IR



	




	A(C)
	+0.15
	+0.03
	+0.03
	+0.01



	A(N)
	+0.06
	+0.06
	+0.09
	+0.01



	A(O)
	+0.10
	+0.12
	+0.03
	+0.01





      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Top: comparison of the surface gravity obtained from spectroscopy and different asteroseimic scaling relations. The yellow circles represent log(g) from the solar-type scaling relation (Kjeldsen & Bedding 1995), the green triangle shows the relation from the main-sequence scaling relation (Bellinger 2019), and the red star shows the relation from the red giant scaling relation (Bellinger 2020). Bottom: comparison of stellar radii obtained from asteroseismology and from the luminosity relation. The dashed black line represents y = x.

      

    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        Comparison of the average CNO abundances obtained in this work (red stars) with the literature, such as Böcek Topcu et al. (2019, orange stars), Böcek Topcu et al. (2020, green stars), Afşar et al. (2018, blue stars), the SAGA database (Suda et al. 2008, grey circles), and APOGEE (Jönsson et al. 2020). APOGEE is shown as the density plot in blue.

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Comparison of the Mg and Ca abundances obtained from this work, Gaia, and APOGEE. The errors are propagations of individual uncertainties.

      

    

  
    
      Fig. 15. 

      
        [image: thumbnail]
      

      
        Comparison of the abundances of CNO and the α- and Fe-peak elements obtained from this work and APOGEE.

      

    

  
    
      Fig. 16. 

      
        [image: thumbnail]
      

      
        Comparison of the fluorine abundance from this work with the literature. The literature abundances are taken from Nault & Pilachowski (2013, green stars), Li et al. (2013, black circle), Jönsson et al. (2017, orange squares), Guerço et al. (2019, blue crosses), Ryde et al. (2020, brown circles and inverted triangles), and Nandakumar et al. (2023, purple diamonds). Two stars (HD 22045 and 78 Cnc) are shown as blue crosses.

      

    

  
    
      Fig. E.1. 

      
        [image: thumbnail]
      

      
        Comparison of the stellar parameters obtained from q2 and MOOG.

      

    

  
    
      Table G.1. 

      Similar to Table 7. The two scaling relations, i.e., solar and main sequence, are taken from Kjeldsen & Bedding (1995) and Bellinger (2019), respectively.

      
        


	Star
	νmax
	Δν
	Solar scaling relation
	Main sequence scaling relation



	
	
	
	




	
	
	
	Mass
	σ
	Radius
	σ
	log(g)
	σ
	Mass
	σ
	Radius
	σ
	log(g)
	σ





	HD 22045
	123.30 + 7.85
	10.468 + 0.135
	1.28
	0.23
	5.98
	0.38
	3.00
	0.03
	1.34
	0.09
	6.30
	0.16
	2.96
	0.05



	HD 76445
	169.70 + 2.44
	14.140 + 0.109
	1.02
	0.04
	4.53
	0.06
	3.14
	0.01
	1.15
	0.04
	4.89
	0.06
	3.12
	0.02



	HD 99596
	72.61 + 8.44
	6.776 +0.122
	1.54
	0.47
	8.49
	0.98
	2.77
	0.05
	1.53
	0.18
	8.82
	0.36
	2.73
	0.05



	HD 100872
	28.29 + 2.92
	3.868 + 0.118
	0.83
	0.23
	10.05
	1.04
	2.36
	0.05
	1.16
	0.13
	11.77
	0.56
	2.36
	0.03



	HD 97716
	33.16 + 2.26
	4.236 + 0.046
	0.87
	0.16
	9.63
	0.65
	2.42
	0.03
	1.33
	0.10
	11.69
	0.29
	2.42
	0.02



	HD 97491
	83.28 + 3.79
	8.436 + 0.129
	0.97
	0.12
	6.28
	0.28
	2.83
	0.02
	1.11
	0.06
	6.83
	0.16
	2.81
	0.02



	HD 97197
	55.47 + 1.31
	5.437 + 0.055
	1.56
	0.10
	9.87
	0.23
	2.64
	0.01
	1.53
	0.06
	10.28
	0.15
	2.60
	0.03





      

    

  
    
      Fig. H.1. 

      
        [image: thumbnail]
      

      
        Telluric modelling of the IR spectra in HD 5214.

      

    

  
    
      Table I.1. 

      Line list of the FeI and FeII lines we used to determine the stellar parameters

      
        


	Wavelength
	Excitation
	log(gf)
	Element
	Atomic
	Wavelength
	Excitation
	log(gf)
	Element
	Atomic



	(Å)
	potential (eV)
	
	
	number
	(Å)
	potential (eV)
	
	Element
	number





	4389.25
	0.05
	-4.58
	FeI
	26
	6165.36
	4.14
	-1.46
	FeI
	26



	4445.47
	0.09
	-5.44
	FeI
	26
	6173.34
	2.22
	-2.88
	FeI
	26



	4602.01
	1.61
	-3.15
	FeI
	26
	6187.99
	3.94
	-1.62
	FeI
	26



	4690.14
	3.69
	-1.61
	FeI
	26
	6200.31
	2.61
	-2.42
	FeI
	26



	4788.76
	3.24
	-1.73
	FeI
	26
	6213.43
	2.22
	-2.52
	FeI
	26



	4799.41
	3.64
	-2.13
	FeI
	26
	6219.28
	2.21
	-2.43
	FeI
	26



	4808.15
	3.25
	-2.69
	FeI
	26
	6226.74
	3.88
	-2.11
	FeI
	26



	4950.11
	3.42
	-1.56
	FeI
	26
	6232.64
	3.65
	-1.22
	FeI
	26



	4994.13
	0.92
	-3.08
	FeI
	26
	6240.65
	2.22
	-3.29
	FeI
	26



	5141.74
	2.42
	-2.23
	FeI
	26
	6322.69
	2.59
	-2.43
	FeI
	26



	5198.71
	2.22
	-2.14
	FeI
	26
	6380.74
	4.19
	-1.32
	FeI
	26



	5225.53
	0.11
	-4.79
	FeI
	26
	6392.54
	2.28
	-4.03
	FeI
	26



	5247.05
	0.09
	-4.96
	FeI
	26
	6430.85
	2.18
	-2.01
	FeI
	26



	5250.21
	0.12
	-4.94
	FeI
	26
	6593.87
	2.43
	-2.39
	FeI
	26



	5295.31
	4.42
	-1.59
	FeI
	26
	6597.56
	4.81
	-0.97
	FeI
	26



	5373.71
	4.47
	-0.74
	FeI
	26
	6625.02
	1.01
	-5.34
	FeI
	26



	5379.57
	3.69
	-1.51
	FeI
	26
	6703.57
	2.76
	-3.02
	FeI
	26



	5386.33
	4.15
	-1.67
	FeI
	26
	6705.11
	4.61
	-0.98
	FeI
	26



	5441.34
	4.31
	-1.63
	FeI
	26
	6710.32
	1.49
	-4.88
	FeI
	26



	5466.41
	4.37
	-0.57
	FeI
	26
	6713.75
	4.81
	-1.41
	FeI
	26



	5466.99
	3.57
	-2.23
	FeI
	26
	6725.36
	4.11
	-2.19
	FeI
	26



	5491.83
	4.19
	-2.19
	FeI
	26
	6726.67
	4.61
	-1.03
	FeI
	26



	5554.89
	4.55
	-0.36
	FeI
	26
	6733.15
	4.64
	-1.47
	FeI
	26



	5560.21
	4.43
	-1.09
	FeI
	26
	6739.52
	1.56
	-4.79
	FeI
	26



	5618.63
	4.21
	-1.27
	FeI
	26
	6750.15
	2.42
	-2.62
	FeI
	26



	5638.26
	4.22
	-0.77
	FeI
	26
	6793.26
	4.08
	-2.33
	FeI
	26



	5651.47
	4.47
	-1.75
	FeI
	26
	6806.85
	2.73
	-3.11
	FeI
	26



	5679.02
	4.65
	-0.75
	FeI
	26
	6810.26
	4.61
	-0.99
	FeI
	26



	5705.46
	4.31
	-1.36
	FeI
	26
	6837.01
	4.59
	-1.69
	FeI
	26



	5731.76
	4.26
	-1.21
	FeI
	26
	6839.83
	2.56
	-3.35
	FeI
	26



	5775.08
	4.22
	-1.31
	FeI
	26
	6843.66
	4.55
	-0.83
	FeI
	26



	5778.45
	2.59
	-3.44
	FeI
	26
	4491.41
	2.86
	-2.66
	FeII
	26.1



	5784.66
	3.41
	-2.53
	FeI
	26
	4508.29
	2.86
	-2.52
	FeII
	26.1



	5793.91
	4.22
	-1.62
	FeI
	26
	4576.33
	2.84
	-2.95
	FeII
	26.1



	5806.73
	4.61
	-0.95
	FeI
	26
	4620.51
	2.83
	-3.21
	FeII
	26.1



	5852.22
	4.55
	-1.23
	FeI
	26
	4993.34
	2.81
	-3.73
	FeII
	26.1



	5855.08
	4.61
	-1.48
	FeI
	26
	5197.58
	3.23
	-2.22
	FeII
	26.1



	5956.69
	0.86
	-4.55
	FeI
	26
	5234.62
	3.22
	-2.18
	FeII
	26.1



	5987.07
	4.81
	-0.21
	FeI
	26
	5264.81
	3.23
	-3.13
	FeII
	26.1



	6005.54
	2.59
	-3.43
	FeI
	26
	5414.07
	3.22
	-3.58
	FeII
	26.1



	6056.01
	4.73
	-0.41
	FeI
	26
	6084.09
	3.21
	-3.83
	FeII
	26.1



	6065.48
	2.61
	-1.53
	FeI
	26
	6149.24
	3.89
	-2.75
	FeII
	26.1



	6079.01
	4.65
	-1.02
	FeI
	26
	6247.55
	3.89
	-2.38
	FeII
	26.1



	6082.71
	2.22
	-3.57
	FeI
	26
	6369.46
	2.89
	-4.11
	FeII
	26.1



	6093.64
	4.61
	-1.31
	FeI
	26
	6416.92
	3.89
	-2.75
	FeII
	26.1



	6096.67
	3.98
	-1.81
	FeI
	26
	6432.68
	2.89
	-3.57
	FeII
	26.1



	6151.62
	2.18
	-3.28
	FeI
	26
	6456.38
	3.91
	-2.05
	FeII
	26.1





      

    

  
    
      Table I.2. 

      Line list of the TiI and TiII lines we used to determine the stellar parameters

      
        


	Wavelength
	Excitation
	log(gf)
	Element
	Atomic
	Wavelength
	Excitation
	log(gf)
	Element
	Atomic



	(Å)
	potential (eV)
	
	
	number
	(Å)
	potential (eV)
	
	Element
	number





	4186.12
	1.5
	-0.24
	TiI
	22
	5514.34
	1.4
	-0.66
	TiI
	22



	4287.40
	0.8
	-0.37
	TiI
	22
	5514.53
	1.4
	-0.50
	TiI
	22



	4427.10
	1.5
	0.23
	TiI
	22
	5565.47
	2.2
	-0.22
	TiI
	22



	4453.31
	1.4
	-0.03
	TiI
	22
	5739.98
	2.2
	-0.92
	TiI
	22



	4453.70
	1.8
	0.10
	TiI
	22
	5866.45
	1.0
	-0.79
	TiI
	22



	4471.24
	1.7
	-0.15
	TiI
	22
	5880.27
	1.0
	-2.00
	TiI
	22



	4518.02
	0.8
	-0.25
	TiI
	22
	5922.11
	1.0
	-1.38
	TiI
	22



	4548.76
	0.8
	-0.28
	TiI
	22
	5937.81
	1.0
	-1.94
	TiI
	22



	4623.10
	1.7
	0.16
	TiI
	22
	6258.10
	1.4
	-0.39
	TiI
	22



	4722.61
	1.0
	-1.47
	TiI
	22
	6261.10
	1.4
	-0.53
	TiI
	22



	4758.90
	0.8
	-2.17
	TiI
	22
	6303.76
	1.4
	-1.58
	TiI
	22



	4778.25
	2.2
	-0.35
	TiI
	22
	6312.24
	1.4
	-1.55
	TiI
	22



	4781.71
	0.8
	-1.95
	TiI
	22
	6554.22
	1.4
	-1.15
	TiI
	22



	4797.98
	2.3
	-0.63
	TiI
	22
	4316.79
	2.0
	-1.62
	TiII
	22.1



	4805.41
	2.3
	0.07
	TiI
	22
	4320.95
	1.1
	-1.88
	TiII
	22.1



	4820.41
	1.5
	-0.38
	TiI
	22
	4395.83
	1.2
	-1.93
	TiII
	22.1



	4840.87
	0.8
	-0.43
	TiI
	22
	4443.80
	1.0
	-0.71
	TiII
	22.1



	4870.12
	2.2
	0.44
	TiI
	22
	4468.49
	1.1
	-0.63
	TiII
	22.1



	4885.08
	1.8
	0.41
	TiI
	22
	4493.52
	1.0
	-2.78
	TiII
	22.1



	4899.91
	1.8
	0.31
	TiI
	22
	4518.33
	1.0
	-2.56
	TiII
	22.1



	4937.73
	0.8
	-2.08
	TiI
	22
	4571.97
	1.5
	-0.31
	TiII
	22.1



	4995.07
	2.2
	-1.00
	TiI
	22
	4583.40
	1.1
	-2.84
	TiII
	22.1



	5016.16
	0.8
	-0.48
	TiI
	22
	4609.26
	1.1
	-3.32
	TiII
	22.1



	5020.03
	0.8
	-0.33
	TiI
	22
	4657.20
	1.2
	-2.29
	TiII
	22.1



	5036.46
	1.4
	0.14
	TiI
	22
	4708.66
	1.2
	-2.35
	TiII
	22.1



	5038.40
	1.4
	0.02
	TiI
	22
	4764.52
	1.2
	-2.69
	TiII
	22.1



	5040.61
	0.8
	-1.67
	TiI
	22
	4798.53
	1.0
	-2.66
	TiII
	22.1



	5043.58
	0.8
	-1.59
	TiI
	22
	4865.61
	1.1
	-2.70
	TiII
	22.1



	5062.10
	2.1
	-0.39
	TiI
	22
	4874.00
	3.0
	-0.86
	TiII
	22.1



	5064.65
	0.0
	-0.94
	TiI
	22
	4911.19
	3.1
	-0.64
	TiII
	22.1



	5087.06
	1.4
	-0.88
	TiI
	22
	5069.09
	3.1
	-1.62
	TiII
	22.1



	5145.46
	1.4
	-0.54
	TiI
	22
	5185.90
	1.8
	-1.41
	TiII
	22.1



	5192.97
	0.0
	-0.95
	TiI
	22
	5211.53
	2.5
	-1.41
	TiII
	22.1



	5210.38
	0.0
	-0.82
	TiI
	22
	5336.78
	1.5
	-1.60
	TiII
	22.1



	5219.70
	0.0
	-2.22
	TiI
	22
	5381.02
	1.5
	-1.97
	TiII
	22.1



	5295.78
	1.0
	-1.59
	TiI
	22
	5396.24
	1.5
	-3.18
	TiII
	22.1



	5389.17
	0.8
	-2.35
	TiI
	22
	5418.76
	1.5
	-2.13
	TiII
	22.1



	5471.19
	1.4
	-1.42
	TiI
	22
	6680.13
	3.0
	-1.89
	TiII
	22.1
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